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(57) Abstract: The invention concerns arrays of solid-forms of substances, such as compounds and rapid-screening methods therefor 
to identify solid-forms, particularly of pharmaceuticals, with enhanced properties. Such properties include improved bioavailability, 
solubility, stability, delivery, and processing and manufacturing characteristics. The invention relates to a practical and cost-effective 
method to rapidly screen hundreds to thousands of samples in parallel. The invention further provides methods for determining the 
conditions and/or ranges of conditions required to produce crystals with desired compositions, particle sizes, habits, or polymorphic 
forms. In a further aspect, the invention provides high-throughput methods to identify sets of conditions and/or combinations of 
components compatible with particular solid-forms, for example, conditions and/or components that are compatible with advanta- 
geous polymorphs of a particular pharmaceutical. 
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HIGH-THROUGHPUT FORMATION. IDENTIFICATIQN. AND ANALYSIS OF 

DIVERSE SOLID-FORMS 

This application claims the benefit of U.S. Provisional Patent Application Nos. 
5 60/175,047 filed January 7, 2000; 60/196,821 filed April 13, 2000; and 60/221,539 filed 
July 28, 2000, all of which provisional applications are incorporated herein by reference in 
their entirety. 

1. FIELD OF THE INVENTION 

1 0 This invention is directed to the generation and processing of data derived from 

large numbers of samples, the samples comprising crystalline, amorphous, and other forms 
of solid substances, including chemical compounds. More specifically, the invention is 
directed to methods and systems for rapidly producing and screening large numbers of 
samples to detect the presence or absence of solid-forms. The invention is suited for 

15 discovering: (1) new solid-forms with beneficial properties and conditions for their 
formation, (2) conditions and/or compositions affecting the structural and/or chemical 
stability of solid-forms, (3)conditions and/or compositions that inhibit the formation of 
solid-forms; and (4) conditions and/or compositions that promote dissolution of solid- 
forms. 

20 

2. BACKGROUND OF THE INVENTION 

2.1 Structure-Property Relationships in Solids 

Structure plays an important role in determining the properties of substances. The 
properties of many compounds can be modified by structural changes, for example, 
25 different polymorphs of the same pharmaceutical compound can have different therapeutic 
activities. Understanding structure-property relationships is crucial in efforts to maximize 
the desirable properties of substances, such as the therapeutic effectiveness of a 
pharmaceutical. 

30 2.1.1 Crystallization 

The process of crystallization is one of ordering. During this process, randomly 
organized molecules in a solution, a melt, or the gas phase take up regular positions in the 
solid. The regular organization of the solid is responsible for many of the unique properties 
of crystals, including the diffraction of x-rays, defined melting point, and sharp, 

35 well-defined crystal faces. The term precipitation is usually reserved for formation of 
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or crystal clusters of both enantiomers will form, although, in bulk, the conglomerate is 
optically neutral. Thus, upon spontaneous crystallization of a chiral compound as its 
conglomerate, the resulting clusters of optically-pure enantiomer crystals can be 
mechanically separated More conveniently, compounds that exhibit conglomerate behavior 

5 can be enantiomerically resolved by preferential crystallization, thereby obviating the need 
for mechanical separation. To determine whether a compound exhibits conglomerate 
behavior, many conditions and crystallizing mediums must be tested to find suitable 
conditions, such as time, temperature, solvent mixtures, and additives, etc. Once the ability 
of a compound to form a conglomerate has been established, direct crystallization in bulk 

10 can be effected in a variety of ways, for example, preferential crystallization. Preferential 
crystallization refers to crystallizing one enantiomer of a compound from a racemic mixture 
by inoculating a supersaturated solution of the racemate with seed crystals of the desired 
enantiomer. Thereafter, crystals of the optically enriched seeded enantiomer deposit. It 
must be emphasized the preferential. crystallization works only for substances existing as 

15 conglomerates (Inagaki (1977), Chem. Pharm. Bull. 25:2497). Additives can promote 
preferential crystallization. There are numerous reports in which crystallization of optically 
active materials has been encouraged by the use foreign seed crystals (Eliel et al, 
Stereochemistry of Organic Compounds, John Wiley & Sons, Inc., New York (1994)). For 
example, insoluble additives favor the growth of crystals that are isomorphous with the 

20 seed, in contrast, the effect of soluble additives is the opposite (Jacques, J. et al 

Enantiomers, Racemates, and Resolutions, Wiley-Interscience, New York (1981), p. 245). 
The definitive rationalization is that adsorption of the additive on the surface of growing 
crystals of one of the solute enantiomers hinders its crystallization while the other 
enantiomer crystalizes normally (Addadi et al, (1981), J. Am. Chem. Soc. 103:1249: 

25 Addadi et al 9 (1986) Top. Stereochem. 16:1). Methods for rapid, high-throughput screening 
of the many relevant variables for discovery of conditions and additives that promote 
resolution of chiral compounds is needed. Especially, in the pharmaceutical industry, where 
for example, one enantiomer of a particular pharmaceutical may be therapeutically active 
while the other may be less active, non-active, or toxic. 

30 

2.1.1.2 Resolution of Enantiomers Via Crystallization of Diastereomers 
Enantiomeric resolution of a racemic mixture of a chiral compound can be effected 
by: (1) conversion into a diastereomeric pair by treatment with an enantiomerically pure 
chiral substance, (2) preferential crystallization of one diastereomer over the other, followed 
35 by (3) conversion of the resolved diastereomer into the optically-active enantiomer. Neutral 
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Pharm, Sci., 64-1269). Thus discovering conditions or pharmaceuticals that affect crystal 
habit are needed. 

Crystal habit can influence several pharmaceutical characteristics, for instance, 
mechanical factors, such as syingeability (e.g., a suspension of plate-shaped crystals can be 
5 injected through a small-bore syringe needle with greater ease than one of needle-shaped 
crystals), tableting behavior, filtration, drying, and mixing with other substances (e.g., 
excipients) and non-mechanical factors such as dissolution rate. 

2.1.4 Polymorphism 

1 0 Additionally, the same compound can crystallize as more than one distinct 

crystalline species (i.e., having a different internal structure) or shift from one crystalline 
species to another. This phenomena is known as polymorphism, and the distinct species are 
known as polymorphs. Polymorphs can exhibit different optical properties, melting points, 
solubilities, chemical reactivities, dissolution rates, and different bioavailabilities. It is well 

1 5 known that different polymorphs of the same pharmaceutical can have different 
pharmacokinetics, for example, one polymorph can be absorbed more readily than its 
counterpart. In the extreme, only one polymorphic form of a given pharmaceutical may be 
suitable for disease treatment. Thus, the discovery and development of novel or beneficial 
polymorphs is extremely important, especially in the pharmaceutical area. 

20 

2.1.5 Amorphous Solids 

Amorphous solids, on the other hand, have no crystal shape and cannot be 
characterized according to habit or polymorphic form. A common amorphous solid is glass 
in which the atoms and molecules exist in a nonuniform array. Amorphous solids are 

25 usually the result of rapid solidification and can be conveniently identified (but not 

characterized) by x-ray powder diffraction, since these solids give very diffuse lines or no 
crystal diflxaction pattern. 

While amorphous solids may often have desirable pharmaceutical properties such as 
rapid dissolution rates, they are not usually marketed because of their physical and/or 

30 chemical instability. An amorphous solid is in a high-energy structural state relative to its 
crystalline form and thus it may crystallize during storage or shipping. Or an amorphous 
solid may be more sensitive to oxidation (Pikal et al z 1997, J. Pharm. Set 66:13 12). In 
some cases, however, amorphous forms are desirable. An excellent example is novobiocin. 
Novobiocin exists in a crystalline and an amorphous form. The crystalline form is poorly 

35 
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amount or the concentration of the compound-of-interest; adjusting the amount or the 
concentration of a component; component identity (adding one or more additional 
components); adjusting the solvent removal rate; introducing of a nucleation event; 
introducing of a precipitation event; controlling evaporation of the solvent (e.g., adjusting a 

5 value of pressure or adjusting the evaporative surface area); and adjusting the solvent 
composition. Other crystallization methods include sublimation, vapor diffusion, 
desolvation of crystalline solvates, and grinding (Guillory, J.K., Polymorphism in . 
Pharmaceutical Solids, 186, 1999). 

Amorphous solids can be obtained by solidifying in such a way as to avoid the 

10 thermodynamically preferred crystallization process. They can also be prepared by 
disrupting an existing crystal structure. 

Despite the development and research of crystallization methods, control over 
crystallization based on structural understanding and our ability to design crystals and other 
solid-forms are still limited. The control on nucleation, growth, dissolution, and 

1 5 morphology of molecular crystals remains primarily a matter of "mix and try" (Weissbuch, 
L, Lahav, M., and Leiserowitz, L., Molecular Modeling Applications in Crystallization, 166, 
1999). 

Because many variables influence crystallization, precipitation, and phase shift, and 
the solid-forms produced therefrom and because so many reagents and process variables are 

20 available, testing of individual solid-formation and crystal structure modification is an 
extremely tedious process. At present, industry does not have the time or resources to test 
hundreds of thousands of combinations to achieve an optimized solid-forms. At the current 
state of the art, it is more cost effective to use non-optimized or semi-optimized solid-forms 
in pharmaceutical and other formulations. To remedy these deficiencies, methods for rapid 

25 producing and screening of diverse sets of solid-forms on the orcter of thousands to 
hundreds of thousands of samples per day, cost effectively, are needed. 

Despite the importance of crystal structure in the pharmaceutical industry, optimal 
crystal structures or optimal amorphous solids are not vigorously or systematically sought. 
Instead, the general trend is to develop the single solid-form that is first observed. Such 

30 lack of effort can lead to the failure of a drug candidate even though the candidate may be 
therapeutically useful in another solid-form, such as another polymorphic form. The 
invention disclosed herein addresses the issues discussed above. 



35 



-7- 



-8- 



[Bjnjonjjs sb qans 'sspiadojd juBAspj pws uoponnj sji sotbjotbui nuoj-pijos sip 'sjuouoduioo ££ 
jo suopBuiqiuoo oip jo oouasaid sip tn jo suopipuoo jo sjos sip japun jBip stream 
t< 9[qpBdraoo„ urajoq pasn sy TBopnQOBuiiBqd JBpiopred b jo sqdioui/([od suosSbiubapb 
qjiM. ajqpBdiuoo are ;Bip sjuauoduroo JO/pire suopipuoo 'ojdurexs joj 'suuoj-pijos JBpiopred 
tpiM sjqpBduioo sjuouodraoo jo suopBuiqiuoo jo/puB suopipuoo jo siss Ajpuopi o; spoqpui 
*ndq8nojip-q8iq sopiAOJd uiojsq possnosip uopuoAui oip 'luounpoquio Joqpry: b iq g£ 

•uuoj pqos ranuipdo sip oj pBOj piM sojgojd uopnpssip 
jo opmppun sipjo uopBUiurexg -qjbj pogpsds b *b SAjossip *Bq* snuoj pqos in psissjsiui 
oq £bui suo 'ApApBUioijv 'P\psn sq o; sb os oiqBiSB}9iu Apusiogjiis si uognps Suppissj 
oip ;Bip jo/pub pidBJ si uopnjossip sasq/A ssuo sjb suuoj pijos umuipdo 'uuoj pijos 
qoBojo sjgoid uopnjossip oip ouiuusjsp o; ami} susjoa pojdures uoip si msuiop Abjjb qoBO 53 
jo umipsru uopnjossip sqx *suuoj oSssop jbjo ui ooirejsqns Snip jo uopnjossip sip sznnpdo 
oj ji uopBopddB sip ji ping ouisvS pajBjnuns pps pjnoM suo 'snqj, -jssjsjui jo umipsui 
uopnjossip suibs sip 'Xbiib sip jo sjdures qoBS o; 'sppB usip suo *jssjs}ui-jo-punoduioo sip 
jo suuoj pqosjo Xbub ub psurejqo SBq suo 'Abav sup oj -jusssjd sq Abui jBqj pinbq Aub uuoj 
psjBJBdss sjb spips sqx 'ssuojsiq sssoojd Suusjgip qipw suopBuiqiuoo sApippe pire jusajos 03 
;usjsjgip uiojj: psiBdsjd si Abjib sip jo jusuisjs qoBg -psjBdsjd sib issjsjui-jo-punoduioo 
sip jo suuoj pqos jo sAbjjb '*usunpoquis sup iq -sspjsdojd uopnjossip psjjsjsjd 
sassod ;Bq^ suuoj pqos isAoosip o; pyasn si uo^toaui sip ^usunpoquid isipoiiB uj 

*§Ul[|lUI 

jo da^ sip SupBiAqo snip uopBziqB^SiCio jo uopB^idiowd iCq Xposiip (sqopjBdouBU '% d) gj 
psiBdaid 9jb spqos snoqdioiUB 10 S[bjs£u> BsiB-soBjjns-qSiq aiaqM suopipuoo ssoqj ^puspi 
01 pssn aq osjb UBOuopTOAin oqx joaiaip uopBuuoj ioj suopipuoo puB (sopsuapBJBqo 
§uuiuoBjnuBin pire 8uissaooid jo c yCi9Aq9p *X;i|iqB^ 'Xiqiqnjos c X;i]iqBnBABOiq 
p9AOJdun sb qons 'sspjadoid p^jisap SmABq suuoj-pqos jBopnaoBUttBqd jBiogsuaq 
' suuoj-pqos jBiogauaq ssiAuaipo jo paou jo XiaAoosip 10 c uoposps *uopBzran;do qi 
c sisXibub opBiua^Xs joj spoipsui sspuojd uopusAUi 9ip ^jdurexd jo j # suuoj-ppos JO 
uopBuuoj 3SJ9A9J jo ^usAaid ^iqiqui ^onpm ^Bip suopisodmoo jo *spimoduioo 'suopipuoo 
jo iOsAOosip io "uopoaps c uopBznnpdo 4 sisX[bub opBiuoisyCs pus pidsj sip joj \oo\ pgraMod 
Xpui3j;x9 ub apiAOid sporpara sssqx 'pipred ui ssidutBS qons ussjos puB sonpojd XjpidBj 
o; spoipaiu aApoojga-^soo pus ^BopoBJd puB ssppuBnb uibjSoubu jo c uibj3oiouu f uiBj3qpui g 
"iubjS ui suuoj-ppos 3uisuduioo sajduiBS 9ip jo sjoui jo suo c S9|duiBS ajoui jo spiresnoip 
jo spojptmq o} 'spiresnoq; us; c spuBsnoq; 'spsjpunq o; c 96 ( pz ^oqB 'qduiBxo joj 
e s3|duiBS 9J0UI jo i Suisuduioo sXbjib o; sajBpj uopusAUi sip 'juounpoquiQ auo iq 
MOIJJM3ANI mi iO AHVPMimS '£ 



lesoo/iosnyxDd 



6T61S/I0 OAV 



WO 01/51919 



PCT/US01/00531 



and chemical integrity. Compatibility also means sets of conditions or combinations of 
components that are more practical, economical, or otherwise more attractive to produce or 
manufacture a solid-form. Such conditions are important in manufacture, storage, and 
shipment of solid-forms. For example, a pharmaceutical manufacturer may want to test the 

5 stability of a particular polymorph of a drug under a multitude of different conditions. Such 
methods are suitable for applications such as determining the limits of a particular solid- 
form's structural or chemical stability under conditions of atmosphere (oxygen), 
temperature; time; pH; the amount or concentration of the compound-of-interest; the 
amount or concentration of one or more of the components; additional components; various 

1 0 means of nucleation; various means of introducing a precipitation event; the best method to 
control the evaporation of one or more of the components; or a combination thereof. 

In another aspect, the invention described herein provides methods to test sets of 
conditions and components compatible to produce a particular solid-form, such as a 

1 5 particular polymorph of a drug. For example, a pharmaceutical manufacturer may know the 
optimal solid form of a particular pharmaceutical but not the optimal production conditions. 
The invention provides high-throughput methods to test various conditions that will produce 
a particular solid-form, such as temperature; time; pH; the amount or concentration of the 
compound-of-interest; the amount or concentration of one or more of the components; 

20 additional components; various means of nucleation; various means of introducing a 
precipitation event; the best method to control the evaporation of one or more of the 
components; or a combination thereof. Once a multitude of suitable sets of conditions are 
found, a determination can be made, depending on the compound-of-interest' s identity and 
other relevant considerations and criteria the optimal conditions or conditions for scale-up 

25 testing. 

In another embodiment, the invention concerns methods for the identification of 
conditions and/or compositions affecting the structural and/or chemical stability of solid- 
forms, for example, conditions or compositions that promote or inhibit polymorphic shift of 
a crystalline solid or precipitation of an amorphous solid. The invention also encompasses 

30 methods for the discovery of conditions and/or compositions that inhibit formation of solid- 
forms. The invention further encompasses methods for the discovery of conditions and/or 
compositions that promote dissolution of solid-forms. 

In one embodiment, seed crystals of desired crystal forms can be harvested from the 
arrays of the invention. Such seed crystals can provided manufactures, such as 

35 pharmaceutical manufacturers, with the means to produce optimal crystal forms of 



-9- 



-oi- 



furejS i jnoqB UBip sso\ sr 9jdures qoB9 in }S9J9}ui-jo 
-punodinoo 9qi jo junouiB ire upioqM. *siu9uoduioo oiova 10 9uo pire isaisiin 

-jo-punodiuoo 9ip, Suisudmoo ojdures qoB9 S9idures ^ jsb9| ;b Sutredaid (b) 

:3uisudraoo 'issigjm-jo-purioduioo b jo suuoj-pqos jo 
Aiipsaqd b Suiu99i3S jo poipaui b S9piA0Jd uopuoAui 9ip ^usuitpqqaig J9ipoire ftps iq 

-}S9i9}in-jo-punodinoo 9ip. jo sinioj-pqos om; ;sb9j 
IB Suisudmoo /fexre puB 9}Bi9U9S S9jdures oip. jo }SB9| ;b Suissaooid (q) 
pire ttcrejS i inoqB ireq* ssoj si ordures qoB9 ui }S9i9iui 
-jo-ptmodinoo gqj. jo itmoure ire uraioqM 'itrauoduioo 9Uo ;sb9| jb pire }S9i9;m 

-jo-ptmodmoo oqj Sutsudmoo 9[dares qoB9 S9[dures pz V* Stftredaid (b) 

:3uisudiuoo *S9J9;ui-jo-pimodmoo b jo suuoj-pqos ofdiqmn jo 
Xbub ub SuuBdaid jo poqpui b 01 S9}B[9j uopu9Am 9ip ^uaraipoquid J9qjoire [jps aj 

*}S9J9}Ut 

-jo-punoduioo 9ip. jo uuoj-pqos b sosudmoo ssjduiBS oqj. jo suo ;sb9j ;b (q) 

pire !uibjS 

t inoqB ireip ssof si gjdures qoB9 ui ;s9i9;ui-jo-punoduioo 9ip jo ;unoure ire (b) 

:ui9J9qAV 

^uouodiaoo ouo jsboj jb puB ;s9j9iui-jo-punodinoo b 3uisudraoo 9[dures qoB9 S9|dures 

\?Z 1SB9J IB SuiSUdUIOO XbJXB UB SUI90U00 UOltflOAin 9tp. %U9UIipoqUI9 I9lflOUB iq 

•isipo aqj uioij 9jB;s jBOisXqd jU9J9jjip b SuiABq 
suuoj-pqos omj 9ip jo qoB9 js9J3;ui-jo-punodaioo 9ip, jo suuoj-pqos osuduioo S9[dures omj 
jsb9[ jb pire c dpu>9[oai [[Bins b si js9i9}ui-jo -punodinoo pres ingjaqM c }S9i9tfu-jo-ptmodiuoo 
oqj 3uistidmoo ojduiBs qoB9 'jsajgjui-jo-punodiuoo 9f3uts b jo suuoj-pqos jo Amem]d 
b 3uisudinoo S9]dures jo jCbub ub o; S9;bj9J uoiju9aui 9ip. fi }U9unpoquio 9uo xq 

"9jn09J0lU 

;qSt9AV-JBp09pra-MO] 9lSlIlS B JO SUUOJ-piIOS 9SJ9Aip JO S/CBJJB S9SSBduiO0U9 UO^U3AXIl 

9qj 'snqx # S9pio9iota onreSio ;q§t9M-JB|no9pin-MOi 9i3ins b jo suuoj-pqos 3uni99ios 
ioj pojms-n^ iCjiBjnoTpBd si uoi^u9Ain oqx *s9utoip9m 9AijBiiJ9qB jo ^tBotuigqoojSB 
'siBopnooBunu *sju9tn9iddtis XiBj9ip *sjB0i;ti90BiaiBqd *o^ p9;nnq ;ou inq 'Smpnpui 
punodinoo pqos pijosn Xub 9q ubo p9U99ios 9q o; s}S9J9;ui-jo-pimodinoo 9qx 

• J9zrqB;syCio 9qj ui uopBisraotSSB jB;Sitio ;u9A9id o; suopipuoo 
'9jduiBX9 joj f si9zq|B^Xjo ui suopBzij|B;s/CiD >{piqjo dn-9[B0S ioj suopipuoo sgpiAOid 
uopu9Aur sqi c ju3unpoqui9 J9ipouB iq -suopBZinB^Xjo oiBos iBioigmiaoo ui spunodiuoo 



icsoo/iosa/iDd 



616IS/10 OM 



WO 01/51919 



PCT/US01/00531 



(b) processing at least 24 of the samples to generate an array wherein at least two 
of the processed samples comprise a solid-form of the compound-of-interest; 
and 

(c) analyzing the processed samples to detect at least one solid-form. 

5 In another embodiment, the invention concerns a method of identifying optimal 

solid-forms of a compound-of-interest, comprising: 

(a) selecting at least one solid-form of the compound-of-interest present in an 
array comprising at least 24 samples each sample comprising the compound- 
of-interest and at least one component, wherein an amount of the compound- 

10 of-interest in each sample is less than about 1 gram; and 

(b) analyzing the solid-form. 

In still yet another embodiment, the invention provides a method to determine sets 
of conditions and/or components to produce particular solid-forms of a compound-of- 
interest, comprising: 

1 5 (a) preparing at least 24 samples each sample comprising the compound-of- 

interest and one or more components, wherein an amount of the compound- 
of-interest in each sample is less than about 1 gram; 

(b) processing at least 24 of the samples to generate an array wherein at least one 
of the processed samples comprises a solid-form of the compound-of- 

20 interest; and 

(c) selecting samples having the solid-forms in order to identify the sets of 
conditions and/or components. 

In a further embodiment, the invention concerns a method of screening conditions 
and/or components for compatibility with one or more selected solid-forms of a compound- 
25 of-interest, comprising: 

(a) preparing at least 24 samples each sample comprising the compound-of- 
interest in solid or dissolved form and one or more components, wherein an 
amount of the compound-of-interest in each sample is less than about 1 
gram; 

30 (b) processing at least 24 of the samples to generate an array of said selected 

solid-forms; and 
(c) analyzing the array. 
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100 milligrams, less than about 100 micrograms, or even less than about 100 nanograms of 
the compound-of-interest or other components. 

These and other features, aspects, and advantages of the invention will become 
better understood with reference to the following detailed description, examples, and 
5 appended claims. 

4. DEFINITIONS 

4.1 Array 

As used herein, the term "array" means a plurality of samples, preferably, at least 24 
10 samples each sample comprising a compound-of-interest and at least one component, 
wherein: 

(a) an amount of the compound-of-interest in each sample is less than about 1 00 
micrograms; and 

(b) at least one of the samples comprises a solid-form of the compound-of- 
15 interest. 

Preferably, each sample comprises a solvent as a component. The samples are associated 
under a common experiment designed to identify solid-forms of the compound-of-interest 
with new and enhanced properties and their formation; to determine compounds or 
compositions that inhibition formation of solids or a particular solid-form; or to physically 

20 or structurally stabilize a particular solid-form, such as preventing polymorphic shift. An 
array can comprise 2 or more samples, for example, 24, 36, 48, 96, or more samples, 
preferably 1000 or more samples, more preferably, 10,000 or more samples. An array can 
comprise one or more groups of samples also known as sub-arrays. For example, a group 
can be a 96-tube plate of sample tubes or a 96-well plate of sample wells in an array 

25 consisting of 100 or more plates. Each sample or selected samples or each sample group of 
selected sample groups in the array can be subjected to the same or different processing 
parameters; each sample or sample group can have different components or concentrations 
of components; or both to induce, inhibit, prevent, or reverse formation of solid-forms of 
the compound-of-interest. 

30 Arrays can be prepared by preparing a plurality of samples, each sample comprising 

a compound-of-interest and one or more components, then processing the samples to 
induce, inhibit, prevent, or reverse formation of solid-forms of the compound-of-interest. 
Preferably, the sample includes a solvent. 
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to the 96 individual frits. The top-side of the analysis plate has an optically-clear glass plate 
bonded onto it to both seal the plate as well as provide a window for analysis. The analysis 
plate assembly, which contains the plate itself plus the added frits with the solid-form, can 
be stored at room temperature, under an inert atmosphere if desired. The individual sample 
5 tube components are readily constructed from HPLC auto-sampler tube designs, for 
example, those of Waters Corp (Milford, MA). The automation mechanisms for capping, 
sealing, and sample tube manipulation are readily available to those skilled in the art of 
industrial automation. 

10 4.3 Compound-of-Interest 

The term "compound-of-interest 5 ' means the common component present in array 
samples where the array is designed to study its physical or chemical properties. Preferably, 
a compound-of-interests is a particular compound for which it is desired to identify solid- 
forms or solid-forms with enhanced properties. The compound-of-interest may also be a . 

1 5 particular compound for which it is desired to find conditions or compositions that inhibit, 
prevent, or reverse solidification. Preferably, the compound-of-interest is present in every 
sample of the array, with the exception of negative controls. Examples of compounds-of- 
interest include, but are not limited to, pharmaceuticals, dietary supplements, alternative 
medicines, nutraceuticals, sensory compounds, agrochemicals, the active component of a 

20 consumer formulation, and the active component of an industrial formulation. Preferably, 
the compound-of-interest is a pharmaceutical. The compound-of-interest can be a known or 
novel compound. More preferably, the compound-of-interest is a known compound in 
commercial use. 

25 4.3.1 Pharmaceutical 

As used herein, the term "pharmaceutical" means any substance that has a 
therapeutic, disease preventive, diagnostic, or prophylactic effect when administered to an 
animal or a human. The term pharmaceutical includes prescription pharmaceuticals and 
over the counter pharmaceuticals. Pharmaceuticals suitable for use in the invention include 

30 all those known or to be developed. A pharmaceutical can be a large molecule (i.e., 
molecules having a molecular weight of greater than about 1000 g/mol), such as 
oligonucleotides, polynucleotides, oligonucleotide conjugates, polynucleotide conjugates, 
proteins, peptides, peptidomimetics, or polysaccharides or small molecules (i.e., molecules 
having a molecular weight of less than about 1000 g/mol), such as hormones, steroids, 

35 nucleotides, nucleosides, or aminoacids. Examples of suitable small molecule 
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TABLE 1: Ex emplary Phannaceuticals 



Brand Name 



Chemical 



SANDIMMUNE cyclosporin 



Properties 

Poor absorption in part due to its low water 
solubility. 



10 



TAXOL 

VIAGRA 

NORVIR 

FULVICIN 
FORTOVASE 



paclitaxel Poor absorption due to its low water solubility. 

sildenafil citrate Poor absorption due to its low water solubility. 

ritonavir Can undergo a polymorphic shift during shipping 

and storage. 

griseofulvin Poor absorption due to its low water solubility, 
saquinavir Poor absorption due to its low water solubility. 



Still other examples of suitable pharmaceuticals are listed in 2000 Med Ad News 
15 19:56-60 and The Physicians Desk Reference, 53rd edition, 792-796, Medical Economics 
Company (1999), both of which are incorporated herein by reference. 

Examples of suitable veterinary phannaceuticals include, but are not limited to, 
vaccines, antibiotics, growth enhancing components, and dewonners. Other examples of 
suitable veterinary pharmaceuticals are listed in The Merck Veterinary Manual, 8th ed., 
20 Merck and Co., Inc., Rahway, NJ, 1998; (1997) The Encyclopedia of Chemical Technology, 
24 Kirk-Othomer (4 th ed. at 826); and Veterinary Drugs in ECT 2nd ed., Vol 21 , by A.L. 
Shore and R.J. Magee, American Cyanamid Co. 



25 



4.3.2 Dietary Supplement 

As used herein, the term "dietary supplement" means a non-caloric or insignificant- 
caloric substance administered to an animal or a human to provide a nutritional benefit or a 
non-caloric or insignificant-caloric substance administered in a food to impart the food with 
an aesthetic, textural, stabilizing, or nutritional benefit. Dietary supplements include, but 
are not limited to, fat binders, such as caducean; fish oils; pliant extracts, such as garlic and 
30 pepper extracts; vitamins and minerals; food additives, such as preservatives, acidulents, 
anticaking components, antifoaming components, antioxidants, bulking components, 
coloring components, curing components, dietary fibers, emulsifiers, enzymes, firming 
components, humectants, leavening components, lubricants, non-nutritive sweeteners, food- 
grade solvents, thickeners; fat substitutes, and flavor enhancers; and dietary aids, such as 
3 5 appetite suppressants. Examples of suitable dietary supplements are listed in (1994) The 
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as cc-santalol, P-santalol, Sandalore®, and Bacdanol®; patchouli and woody materials, such 
as patchouli oil, patchouli alcohol, Timberol® and Polywood®; materials with floral odors, 
such as Givescone®, damascone, irones, linalool, Lilial®, Lilestralis®, and 
dihydroj asmonate . Other examples of suitable fragrance materials for use in the invention 

5 are listed in Perfumes: Art, Science, Technology, P.M. Muller ed. Elsevier, New York, 
1991, incorporated herein by reference. Examples of suitable flavor materials include, but 
are not limited to, benzaldehyde, anethole, dimethyl sulfide, vanillin, methyl anthranilate, 
nootkatone, and cinnamyl acetate. Examples of suitable spices include but are not limited 
to allspice, tarrogon, clove, pepper, sage, thyme, and coriander. Other examples of suitable 

1 0 flavor materials and spices are listed in Flavor and Fragrance Materials- 1989, Allured 
Publishing Corp. Wheaton, IL, 1989; Bauer and Garbe Common Flavor and Fragrance 
Materials, VCH Verlagsgesellschaft, Weinheim, 1985; and (1994) The Encyclopedia of 
Chemical Technology, 1 1 Kirk-Othomer (4 th ed. at 1-61), all of which are incorporated by 
reference herein. 

15 

4.3.6 Agrochemical 

As used herein, the term "agrochemical" means any substance known or to be 
developed that is used on the farm, yard, or in the house or living area to benefit gardens, 

20 crops, ornamental plants, shrubs, or vegetables or kill insects, plants, or fungi. Examples of 
suitable agrochemicals for use in the invention include pesticides, herbicides, fungicides, 
insect repellants, fertilizers, and growth enhancers. For a discussion of agrochemicals see 
The Agrochemicals Handbook (1 987) 2nd Edition, Hartley and Kidd, editors: The Royal 
Society of Chemistry, Nottingham, England. 

25 Pesticides include chemicals, compounds, and substances administered to kill 

vermin such as bugs, mice, and rats and to repel garden pests such as deer and woodchucks. 
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formulation" means a formulation for consumer use, not intended to be absorbed or ingested 
into the body of a human or animal, comprising an active component. Preferably, it is the 
active component that is investigated as the compound-of-interest in the arrays and methods 
of the invention. Consumer formulations include, but are not limited to, cosmetics, such as 

5 lotions, fecial makeup; antiperspirants and deodorants, shaving products, and nail care 
products; hair products, such as and shampoos, colorants, conditioners; hand and body 
soaps; paints; lubricants; adhesives; and detergents and cleaners. 

As used herein an "industrial formulation" means a formulation for industrial use, 
not intended to be absorbed or ingested into the body of a human or animal, comprising an 

10 active component. Preferably, it is the active component of industrial formulation that is 
investigated as the compound-of-interest in the arrays and methods of the invention. 
Industrial formulations include, but are not limited to, polymers; rubbers; plastics; industrial 
chemicals, such as solvents, bleaching agents, inks, dyes, fire retardants, antifreezes and 
formulations for deicing roads, cars, trucks, jets, and airplanes; industrial lubricants; 

1 5 industrial adhesives; construction materials, such as cements. 

One of skill in the art will readily be able to choose active components and inactive 
components used in consumer and industrial formulations and set up arrays according to the 
invention. Such active components and inactive components are well known in the 
literature and the following references are provided merely by way of example. Active 

20 components and inactive components for use in cosmetic formulations are listed in (1 993) 
The Encyclopedia of Chemical Technology, 7 Kirk-Othomer (4 th ed. at 572-619); M.G. de 
Navarre, The Chemistry and Manufacture of Cosmetics, D. Van Nostrand Company, Inc., 
New York, 1 941 ; CTFA International Cosmetic Ingredient Dictionary and Handbook, 8th 
Ed., CTFA, Washington, D.C., 2000; and A. Nowak, Cosmetic Preparations, Micelle Press, 

25 London, 1991 . All of which are incorporated by reference herein. Active components and 
inactive components for use in hair care products are listed in (1994) The Encyclopedia of 
Chemical Technology, 12 Kirk-Othomer (4 th ed. at 881-890) and Shampoos and Hair 
Preparations in ECT 1st ed., Vol. 12, pp. 221-243, by F. E. Wall, both of which are 
incorporated by reference herein. Active components and inactive components for use in 

30 hand and body soaps are listed in (1997) The Encyclopedia of Chemical Technology, 22 
Kirk-Othomer (4 th ed. at 297-396), incorporated by reference herein. Active components 
and inactive components for use in paints are listed in (1996) The Encyclopedia of 
Chemical Technology, 17 Kirk-Othomer (4 th ed. at 1049-1069) and "Painf • in ECT 1st ed., 
Vol. 9, pp. 770-803, by H.E. Hillman, Eagle Paint and Varnish Corp, both of which are 

35 incorporated by reference herein. Active components and inactive components for use in 
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4.4 Component 

As used herein, the term "component" means any substance that is combined, 
mixed, or processed with the compound-of-interest to form a sample or impurities, for 
example, trace impurities left behind after synthesis or manufacture of the compound-of- 

5 interest. The term component also encompasses the compound-of-interest itself. The term 
component also includes any solvents in the sample. A single substance can exist in one or 
more physical states having different properties thereby classified herein as different 
components. For instance, the amorphous and crystalline forms of an identical compound 
are classified as different components. Components can be large molecules (i.e., molecules 

10 having a molecular weight of greater than about 1000 g/mol), such as large-molecule 
pharmaceuticals, oligonucleotides, polynucleotides, oligonucleotide conjugates, 
polynucleotide conjugates, proteins, peptides, peptidomimetics, or polysaccharides or small 
molecules (Le. 9 molecules having a molecular weight of less than about 1000 g/mol) such as 
small-molecule pharmaceuticals, hormones, nucleotides, nucleosides, steroids, or 

15 aminoacids. Components can also be chiral or optically-active substances or compounds, 
such as optically-active solvents, optically-active reagents, or optically-active catalysts. 
Preferably, components promote or inhibit or otherwise effect precipitation, formation, 
crystallization, or nucleation of solid-forms, preferably, solid-forms of the compound-of- 
interest. Thus, a component can be a substance whose intended effect in an array sample is 

20 to induce, inhibit, prevent, or reverse formation of solid-forms of the compound-of-interest. 
Examples of components include, but are not limited to, excipients; solvents; salts; acids; 
bases; gases; small molecules, such as hormones, steroids, nucleotides, nucleosides, and 
aminoacids; large molecules, such as oligonucleotides, polynucleotides, oligonucleotide and 
polynucleotide conjugates, proteins, peptides, peptidomimetics, and polysaccharides; 

25 pharmaceuticals; dietary supplements; alternative medicines; nutraceuticals; sensory 

compounds; agrochemicals; the active component of a consumer formulation; and the active 
component of an industrial formulation; crystallization additives, such as additives that 
promote and/or control nucleation, additives that affect crystal habit, and additives that 
affect polymorphic form; additives that affect particle or crystal size; additives that 

30 structurally stabilize crystalline or amorphous solid-forms; additives that dissolve solid- 
forms; additives that inhibit crystallization or solid formation; optically-active solvents; 
optically-active reagents; optically-active catalysts; and even packaging or processing 
reagents. 
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adjunct sugar, cetyl alcohol, polyvinyl alcohol, carnauba wax, lactose maltitol, titanium 
dioxide; controlled release vehicles, such as microcrystalline wax, white wax, and yellow 
wax; desiccants, such as calcium sulfate; detergents, such as sodium lauryl sulfate; diluents, 
such as calcium phosphate, sorbitol, starch, talc, lactitol, polymethacrylates, sodium 

5 chloride, and glyceryl palmitostearate; disintegrants, such as collodial silicon dioxide, 
croscarmellose sodium, magnesium aluminum silicate, potassium polacrilin, and sodium 
starch glycolate; dispersing components, such as poloxamer 386, and polyoxyethylene fatty 
esters (polysorbates); emollients, such as cetearyl alcohol, lanolin, mineral oil, petrolatum, 
cholesterol, isopropyl myristate, and lecithin; emulsifying components, such as anionic 

1 0 emulsifying wax, monoethanolamine, and medium chain triglycerides; flavoring 
comppnents, such as ethyl maltol, ethyl vanillin, fumaric acid, malic acid, maltol, and 
menthol; humectants, such as glycerin, propylene glycol, sorbitol, and triacetin; lubricants, 
such as calcium stearate, canola oil, glyceryl palmitosterate, magnesium oxide, poloxymer, 
sodium benzoate, stearic acid, and zinc stearate; solvents, such as alcohols, benzyl 

15 phenylformate, vegetable oils, diethyl phthalate, ethyl oleate, glycerol, glycofurol, for indigo 
carmine, polyethylene glycol, for sunset yellow, for tartazine, triacetin; stabilizing 
components, such as cyclodextrins, albumin, xanthan gum; and tonicity components, such 
as glycerol, dextrose, potassium chloride, and sodium chloride; and mixture thereof. Other 
examples of suitable excipients, such as binders and fillers are listed in Remington 's 

20 Pharmaceutical Sciences, 18th Edition, ed. Alfonso Gennaro, Mack Publishing Co. Easton, 
PA, 1995 and Handbook of Pharmaceutical Excipients, 3rd Edition, ed. Arthur H. Kibbe, 
American Pharmaceutical Association, Washington D.C. 2000, both of which are 
incorporated herein by reference. 

25 4.4.2 Solvents 

In general, arrays of the invention will contain a solvent as one on the components. 
Solvents may influence and direct the formation of solid-forms through polarity, viscosity, 
boiling point, volatility, charge distribution, and molecular shape. The solvent identity and 
concentration is one way to control saturation. Indeed, one can crystallize under isothermal 

30 conditions by simply adding a nonsolvent to an initially subsaturated solution. One can start 
with an array of a solution of the compound-of-interest in which varying amounts of 
nonsolvent are added to each of the individual elements of the array. The solubility of the 
compound is exceeded when some critical amount of nonsolvent is added. Further addition 
of the nonsolvent increases the supersaturation of the solution and, therefore, the growth 

35 rate of the crystals that are grown. Mixed solvents also add the flexibility of changing the 
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estolate, esylate, fumarate, gluceptate, gluconate, glutamate, glycollylarsanilate, 
hexylresorcinate, hydrabamine, hydroxynaphthoate, isethionate, lactate, lactobionate, 
malate, maleate, mandelate, mesylate, methylsulfate, muscate, napsylate, nitrate, 
panthothenate, phosphate/diphosphate, polygalacturonate, salicylate, stearate, succinate, 
5 sulfate, tannate, tartrate, teoclate, triethiodide, and pamoate (/. e., 1,1 ! -methylene-6/.s-(2- 
hydroxy-3-naphthoate)). Components that include an amino moiety also can form 
phannaceutically-acceptable salts with various amino acids, in addition to the acids • 
mentioned above. 

Compounds-of-interest that are acidic in nature are capable of forming base salts 
10 with various cations. Examples of such salts include alkali metal or alkaline earth metal 
salts and, particularly, calcium, magnesium, sodium, lithium, zinc, potassium, and iron 
salts, as well as salts of basic organic compounds, such as amines, for example JV- 
methylglucamine and TRIS (/ra-hydroxymethyl aminomethane). 

15 4.4.4 Crystallization Additives 

Other substances may also be added to the crystallization reactions whose presence 
will influence the generation of a crystalline form. These crystallization additives can be 
either reaction by products, or related molecules, or randomly screened compounds (such as 
those present in small molecule libraries). They can be used to either promote or control 

20 nucleation, to direct the growth or growth rate of a specific crystal or set of crystals, and any 
other parameter that affects crystallization. The influence of crystallization additives may 
depend on their relative concentrations and thus the invention provides methods to assess a 
range of crystallization additives and concentrations. Examples of crystallization additives 
include, but are not limited to, additives that promote and/or control nucleation, additives 

25 that affect crystal habit, and additives that affect polymorphic form. 

4.4.4. 1 Additives that Promote and/or Control Nucleation 

The presence of surfactant-like molecules in the crystallization vessel may influence 
the crystal nucleation and selectively drive the growth of distinct polymorphic forms. Thus, 

30 surfactant-like molecules can be introduced into the crystallization vessel either by 
pre-treating the microtiter dishes or by direct addition to the crystallization medium. 
Surfactant molecules can be either specifically selected or randomly screened for their 
influence in directing crystallization. In addition, the effect of the surfactant molecule is 
dependent on its concentration in the crystallization vessel and thus the concentration of the 

3 5 surfactant molecules should be carefully controlled. 
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4.4.5 Additives that Affect Particle or Crystal size 

Particulate matter, produced by precipitation of amorphous particles or 
crystallization, has a distribution of sizes that varies in a definite way over throughout the 
size range. Control of particle or crystal size is very important in pharmaceutical 
5 compounds. The smaller the crystal size, the higher the surface-to-volume ratio. In general, 
finding additives that affect particle or crystal size is a mix and try process with few general 
rules available in the literature. Many substances can affect particle or crystal size, for 
example solvents, excipients, solvents, nucleation promoters, such as surfactants, particulate 
matter, the physical state of crystal seeds, and even trace amounts of impurities. 

10 

4.4.6 Additives That Stabilize the Structure of Crystalline or Amorphous Solid- 
Forms 

Molecules can crystallize in more than one polymorphic form. A less 
thermodynamically stable polymorph can spontaneously convert to the more stable form if 

15 the phase transition barrier is overcome. This is undesirable, for example, when the less 
thermodynamically stable polymorphic form of a pharmaceutical is more pharmacologically 
advantageous than the more stable form. Thus, inhibitors of polymorphic shift are much 
needed, especially for stabilization of metastable polymorphic pharmaceuticals. 
Polymorphic shift inhibitors can act by a variety of mechanisms including stabilizing the 

20 crystal surface. In general, at conditions close to equilibrium, only the thermodynamically 
stable polymorph will be formed. Those substances that inhibit crystallization of the more 
stable polymorphic form under these equilibrium conditions are potential stabilizers for a 
less stable, but possibly more desirable polymorphic form. A properly designed inhibitor 
should preferentially interact with pre-critical nuclei of the stable crystalline phase but not 

25 with the less stable phase (desired polymorph). Strong inhibition can result in preferential 
kinetic crystallization of the less stable polymorph. 

4.4.7 Additives that Inhibit Crystallization or Precipitation and/or Dissolve Solids 
or Prevent Solid Formation 

30 Crystallization inhibitors can be used for a variety of purposes including 

morphological engineering, etching, reduction in crystal symmetry, and elucidating the 
effect of components on crystal growth (see e.g. , Weissbuch et al. , 1995 Acta Cryst. 
B5i:115-148). Tailor made crystal growth inhibitors that interact with specific crystal faces 
have been reported, see e.g., Addadi et al, (1985) Agnew. Chem. Int. Ed Engl 24*466-485 

35 and Weissbuch et al, (1991) Science 253:637-645. Crystallization inhibitors have many 
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4.6 Property 

As used herein, the term "property" means a structural, physical, pharmacological, 
or chemical characteristic of a sample, preferably, a structural, physical, pharmacological, or 
chemical characteristics of a compound-of-interest. Structural properties include, but are 
5 not limited to, whether the compound-of-interest is crystalline or amorphous, and if 
crystalline, the polymorphic form and a description of the crystal habit. Structural 
properties also include the composition, such as whether the solid-form is a hydrate, solvate, 
or a salt. 

Preferred properties are those that relate to the efficacy, safety, stability, or utility of 

10 the compound-of-interest. For example, regarding pharmaceutical, dietary supplement, 
alternative medicine, and nutraceutical compounds and substances, properties include 
physical properties, such as stability, solubility, dissolution, permeability, and partitioning; 
mechanical properties, such as .compressibility, compactability, and flow characteristics; the 
formulation's sensory properties, such as color, taste, and smell; and properties that affect 

15 the utility, such as absorption, bioavailability, toxicity, metabolic profile, and potency. 

Other properties include those which affect the compound-of-interest' s behavior and ease of 
processing in a crystallizer or a formulating machine. For a discussion of industrial 
crystallizers and properties thereof see (1993) The Encyclopedia of Chemical Technology, 7 
Kirk-Othomer (4 th ed. pp. 720-729). Such processing properties are closely related to the 

20 solid-form's mechanical properties and its physical state, especially degree of 

agglomeration. Concerning pharmaceuticals, dietary supplements, alternative medicines, 
and nutraceuticals, optimizing physical and utility properties of their solid-forms can result 
in a lowered required dose for the same therapeutic effect. Thus, there are potentially fewer 
side effects that can improve patient compliance. 

25 Another important structural property is the surface-to-volume ratio and the degree 

of agglomeration of the particles. Surface-to-volume ratio decreases with the degree of 
agglomeration. It is well known that a high surface-to- volume ratio improves the solubility 
rate. Small-size particles have high surface-to-volume ratio. The surface-to-volume ratio is 
also influenced by the crystal habit, for example, the surface-to-volume ratio increases from 

30 spherical shape to needle shape to dendritic shape. Porosity also affects the surface-to- 
volume ratio, for example, solid-forms having channels or pores (e.g., inclusions, such as 
hydrates and solvates) have a high surface-to-volume ratio. 

Still another structural property is particle size and particle-size distribution. For 
example, depending on concentrations, the presence of inhibitors or impurities, and other 

35 conditions, particles can form from solution in different sizes and size distributions. 
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4.7 Solid-Form 

As used herein, the term "solid-form" means a form of a solid substance, element, or 
chemical compound that is defined and differentiated from other solid-forms according to 
its physical state and properties. 

5 

4.8 Physical State 

According to the invention described herein, the "physical state" of a component or 
a compound-of-interest is initially defined by whether the component is a liquid or a solid. 
If the component is a solid, the physical state is further defined by the particle or crystal size 

10 and particle-size distribution. 

Physical state also includes agglomeration and degree of agglomeration. Often 
processing solid-forms, such as crystals, in an industrial crystallizer requires that the solid- 
form be removed as small particles or single crystals. Thus, the ease of handling and many 
of the solid-form's properties can be affected deleteriously by agglomeration. For example, 

15 in addition to making the compound difficult to process, purity can be diminished when 
agglomeration occurs. Agglomeration can be accounted for by identifying relevant 
processing variables, such as crystals coming together and bonding through overgrowth of 
the contact area. 

Physical state can further be defined by purity or the composition of the solid-form. 

20 Thus physical state includes whether a particular substance forms co-crystals with one or 
more other substances or compounds. Composition also includes whether the solid-form is 
in the form of a salt or contains a guest molecule or is impure. Mechanisms by which guest 
compounds or impurities can be incorporated in solid-forms include surface absorption and 
entrapment in cracks and crevices, especially in agglomerates and crystals. 

25 Physical state includes whether the substance is crystalline or amorphous. If the 

substance is crystalline, the physical state is further divided into: (1) whether the crystal 
matrix includes a co-adduct; (2) morphology, i.e., crystal habit; and (3) internal structure 
(polymorphism). In a co-adduct, the crystal matrix can include either a stoichiometric or 
non-stoichiometric amount of the adduct, for example, a crystallization solvent or water, 

30 i.e., a solvate or a hydrate. 

Non-stoichiometric solvates and hydrates include inclusions or clathrates, that is, 
where a solvent or water is trapped at random intervals within the crystal matrix, for 
example, in channels. 

A stoichiometric solvate or hydrate is where a crystal matrix includes a solvent or 

35 water at specific sites in a specific ratio. That is, the solvent or water molecule is part of the 
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ee. As used herein, a racemic mixture means 50% of one enantiomer and 50% of is 
corresponding enantiomer. A compound with two or more chiral centers comprises a 
mixture of 2 n diastereomers, where n is the number of chiral centers. A compound is 
considered diastereomerically enriched when one of the diastereomers is present in an 

5 amount greater than 1/2° % of all the diastereomers. Thus a compound containing 3 chiral 
centers comprises 8 diastereomers and if one of the diastereomers is present in an amount of 
greater than 12.5% (e.g., 13 %), the compound is considered diastereomerically enriched. 
In another example, if a racemic mixture is treated with an optically pure compound to form 
a pair of diastereomers, each diastereomer is calculated to be present in an amount of 50%. 

10 If such a diastereomeric pair is resolved such that one diastereomer is present in greater than 
50%, the compound is considered diastereomerically enriched. 

4.11 Conglomerate 

As used herein, a "conglomerate" means a compound that under certain conditions, 
1 5 crystallizes to yield optically-pure, discrete crystals or crystal clusters of both enantiomers. 
Preferably, such discrete crystals can be mechanically separated to yield the compound in 
enantiomerically-enriched form. 

5. BRIEF DESCRIPTION OF THE FIGURES 

20 Figure 1 is a schematic of the high-throughput process for preparing arrays of solid- 

forms of a compound-of-interest and analyzing the individual samples. 

Figure 2A is a more detailed schematic of a system for high-throughput 
combinatorial mixing of components, incubation and dynamic analysis of samples, and 
25 in-depth characterization of lead candidates. 

Figure 2B is a schematic of the details of the sample preparation module depicted in 
Figure 2A. 

30 Figure 2C is a schematic of the details of the incubation and dynamic scanning and 

in-depth characterization modules shown in Figure 2A. 

Figures 3A-3C are schematics of processes to generate arrays of different 
polymorphs or crystal forms using isothermic crystallization (Figure 3 A), 

35 
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(e.g. , adjusting a value of pressure or adjusting the evaporative surface area); and adjusting 
the solvent composition. 

After processing, the contents of each sample in the processed array is typically 
analyzed initially for physical or structural properties, for example, the likelihood of crystal 

5 formation is assessed by turbidity, using a device such as a spectrophotometer. But a simple 
visual analysis can also be conducted including photographic analysis.- Whether the 
detected solid is crystalline or amorphous can then be determined. More specific properties 
of the solid can then be measured, such as polymorphic form, crystal habit, particle size 
distribution, surface-to-volume ratio, and chemical and physical stability etc. Samples 

1 0 containing bioactive solids can be screened to analyze properties, such as altered 

bioavailability and pharmacokinetics. Bioactive solid-forms can be screened in vitro for 
their pharmacokinetics, such as absorption through the gut (for an oral preparation), skin 
(for transdermal application), or mucosa (for nasal, buccal, vaginal or rectal preparations), 
solubility, degradation or clearance by uptake into the reticuloendothelial system ("RES") or 

1 5 excretion through the liver or kidneys following administration, then tested in vivo in 
animals. Testing can be done simultaneously or sequentially. 

The methods and systems are widely applicable for different types of substances 
(compounds-of-interest), including pharmaceuticals, dietary supplements, alternative 
medicines, nutraceuticals, sensory compounds, agrochemicals, the active component of a 

20 consumer formulation, and the active component of an industrial formulation. Multiple 
solid-forms with desirable characteristics will typically be identified at each step of the 
testing, then subjected to additional testing. 

6.1 System Design 

25 The basic requirements for array and sample preparation and screening thereof are: 

(1) a distribution mechanism to add components and the compound-of-interest to separate 
sites, for example, on an array plate having sample wells or sample tubes. Preferably, the 
distribution mechanism is automated and controlled by computer software and can vary at 
least one addition variable, e.g., the identity of the component(s) and/or the component 

30 concentration, more preferably, two or more variables. Such material handling technologies 
and robotics are well known to those skilled in the art. Of course, if desired, individual 
components can be placed at the appropriate sample site manually. This pick and place 
technique is also known to those skilled in the art. And (2) a screening mechanism to test 
each sample to detect a change in physical state or for one or more properties. Preferably, 

35 the testing mechanism is automated and driven by a computer. Preferably, the system 
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completed, for example, generating an array that moves from wells at left to right and from 
top to bottom in increasing polarity or non-polarity of solvent. The samples are then mixed. 
For example, the robotic arm moves up and down in each well plate for a set number of 
times to ensure proper mixing. 

5 Liquid handling devices manufactured by vendors such as Tecan, Hamilton and 

Advanced Chemtech are all capable of being used in the invention. A prerequisite for all 
liquid handling devices is the ability to dispense to a sealed or sealable reaction vessel and 
have chemical compatibility for a wide range of solvent properties. The liquid handling 
device specifically manufactured for organic syntheses are the most desirable for application 

10 to crystallization due to the chemical compatibility issues. Robbins Scientific manufactures 
the Flexchem reaction block which consists of a Teflon reaction block with removable 
gasketed top and bottom plates. This reaction block is in the standard footprint of a 96-well 
microtiter plate and provides for individually sealed reaction chambers for each well. The 
gasketing material is typically Viton, neoprene/Viton, or Teflon coated Viton, and acts as a 

1 5 septum to seal each well. As a result, the pipetting tips of the liquid handling system need to 
have septum-piercing capability. The Flexchem reaction vessel is designed to be reusable in 
that the reaction block can be cleaned and reused with new gasket material. 

The schematic process for the preferred process is shown in Figures 1 and 2A-2C. 
The system consists of a series of integrated modules, or workstations. These modules can 

20 be connected directly, through an assembly-line approach, using conveyor belts, or can be 
indirectly connected by human intervention to move substances between modules. 

One embodiment of the invention is depicted schematically in Scheme 1. As shown, 
plates are identified for tracking. Next, the compound-of-interest is added followed by 
various other components, such as solvents and additives. Preferably, the compound-of- 

25 interest and all components are added by an automated distribution mechanism. The array 
of samples is then heated to a temperature (Tl), preferably to a temperature at which the 
active component is completely in solution. The samples are then cooled, to a lower 
temperature T2, usually for at least one hour. If desired, nucleation initiators such as seed 
crystals can be added to induce nucleation or an anti solvent can be added to induce 

30 precipitation. The presence of solid-forms is then determined, for example, by optical 
detection, and the solvent removed by filtration or evaporation. The crystal properties, such 
as polymorph or habit can then determined using techniques such as Raman, melting point, 
x-ray diffraction, etc., with the results of the analysis being analyzed using an appropriate 
data processing system. 

35 
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conduction or convection. A temperature sensor in each sample site can be used to record 
the temperature when the first crystal or precipitate is detected. In one embodiment, all the 
sample sites are processed individually with respect to temperature and small heaters, 
cooling coils, and temperature sensors for each sample site are provided and controlled. 

5 This approach is useful if each sample site has the same composition and the experiment is 
designed to sample a large number of temperature profiles to find those profiles that 
produce desired solid-forms. In another embodiment, the composition of each sample site 
is controlled and the entire array is heated and cooled as a unit The advantage of the latter 
approach is that much simpler heating, cooling, and controlling systems can be utilized. 

10 Alternatively, thermal profiles are investigated by simultaneous experiments on identical 
array stages. Thus, a high-throughput matrix of experiments in both composition and 
thermal profiles can be obtained by parallel operation. 

Typically, several distinct temperatures are tested during crystal nucleation and 
growth phases. Temperature can be controlled in either a static or dynamic manner. Static 

1 5 temperature means that a set incubation temperature is used throughout the experiment. 
Alternatively, a temperature gradient can be used. For example, the temperature can be 
lowered at a certain rate throughout the experiment. Furthermore, temperature can be 
controlled in a way as to have both static and dynamic components. For example, a constant 
temperature (e.g., 60°C) is maintained during the mixing of crystallization reagents. After 

20 mixing of reagents is complete, controlled temperature decline is initiated (e.g., 60 °C to 
about 25°C over 35 minutes). 

Stand-alone devices employing Peltier-effect cooling and joule-heating are 
commercially available for use with microtiter plate footprints. A standard thennocycler 
used for PCR, such as those manufactured by MJ Research or PE Biosystems, can also be 

25 used to accomplish the temperature control. The use of these devices, however, necessitates 
the use of conical vials of conical bottom micro-well plates. If greater throughput or 
increased user autonomy is required, then full-scale systems such as the advanced Chemtech 
Benchmark Omega 96TM or Venture 596 TM would be the platforms of choice. Both of 
these platforms utilize 96-well reaction blocks made from Teflon™. These reaction blocks 

30 can be rapidly and precisely controlled from -70 to 150°C with complete isolation between 
individual wells. Also, both systems operate under inert atmospheres of nitrogen or argon 
and utilize all chemically inert liquid handling elements. The Omega 496 system has 
simultaneous independent dual coaxial probes for liquid handling, while the Venture 596 
system has 2 independent 8-channel probe heads with independent z-control. Moreover, the 

35 
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composition of the resulting solid-form. For example, the first crystal to be formed from a 
concentrated solution is formed at a higher temperature than that formed from a dilute 
solution. Thus, the equilibrium solid phase is that from a higher temperature in the phase 
diagram. Thus, a concentrated solution may first form crystals of the hemihydrate when 
5 precipitated from aqueous solution at high temperature. The dihydrate may, however, be the 
first to form when starting with a dilute solution. In this case, the compound-of- 
interest/solvent phase diagram is one in which the dihydrate decomposes to the hemihydrate 
at a high temperature. This is normally the case and holds for commonly observed solvates. 

10 6.3.5 Identity of the Components 

The identity of the components in the sample medium has a profound effect on 
almost all aspects of solid formation. Component identity will affect (promote or inhibit) 
crystal nucleation and growth as well as the physical state and properties of the resulting 
solid-forms. Thus, a component can be a substance whose intended effect in an array 

1 5 sample is to induce, inhibit, prevent, or reverse formation of solid-forms of the compound- 
of-interest. A component can direct formation of crystals, amorphous-solids, hydrates, 
solvates, or salt forms of the compound-of-interest. Components also can affect the internal 
and external structure of the crystals formed, such as the polymorphic form and the crystal 
habit. Examples of components include, but are not limited to, excipients; solvents; salts; 

20 acids; bases; gases; small molecules, such as hormones, steroids, nucleotides, nucleosides, 
and aminoacids; large molecules, such as oligonucleotides, polynucleotides, oligonucleotide 
and polynucleotide conjugates, proteins, peptides, peptidomimetics, and polysaccharides; 
pharmaceuticals; dietary supplements; alternative medicines; nutraceuticals; sensory 
compounds; agrochemicals; the active component of a consumer formulation; and the active 

25 component of an industrial formulation; crystallization additives, such as additives that 
promote and/or control nucleation, additives that affect crystal habit, and additives that 
affect polymorphic form; additives that affect particle or crystal size; additives that 
structurally stabilize crystalline or amorphous solid-forms; additives that dissolve solid- 
forms; additives that inhibit crystallization or solid formation; optically-active solvents; 

30 optically-active reagents; and optically-active catalysts. 

6.3.6 Control of Solvent-Removal Rate 

Control of solvent removal is intertwined with control of saturation. As the solvent 
is removed, the concentration of the compound-of-interest and less-volatile components 
35 becomes higher. And depending on the remaining composition, the degree of saturation 
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by introducing surfactant-like molecules either by pre-treating the sample tubes or sample 
wells or by direct addition. The nucleation effect of surfactant molecules is dependent on 
their concentration and thus this parameter should be carefully controlled. Such tension 
adjusting additives are not limited to surfactants. Many compounds that are structurally 

5 related to the compound-of-interest can have significant surface activity. Other 

heterogeneous nucleation inducing additives include solid particles of various substances, 
such as solid-phase excipients or even impurities left behind during synthesis or processing 
of the compound-of-interest 

Similarly, inorganic crystals on specifically functionalized self-assembled 

10 monolayers (SAMs) have also been demonstrated to induce nucleation by Wurm, et 
al, 1996, 1 Mat Scl Lett. 15:1285 (1996). Nucleation of organic crystals such as 4- 
hydroxybenzoic acid monohydrate on a 4-(octyldecyloxy)benzoic acid monolayer at the air- 
water interface has been demonstrated by Weissbuch, et al 1993 J. Phys. Cherru 97:12848 
and Weissbuch, et al, 1995 J, Phys. Chem. 22:6036. Nucleation of ordered two 

1 5 dimensional arrays of proteins on lipid monolayers has been demonstrated by Ellis et al , 
1997, J Struct. Biol 118:178. 

Secondary nucleation involves treating the crystallizing medium with a secondary 
• nucleation promoter, that is a solid-form, preferably a crystalline form of the compound-of- 
interest. Direct seeding of samples with a plurality of nucleation seeds of a compound-of- 

20 interest in various physical states provides a means to induce formation of different solid- 
forms. In one embodiment, particles are added to the samples. In another, nanometer-sized 
crystals (nanoparticles) of the compound-of-interest are added to the samples. 

6.3.7.2 Introducing a Precipitation Event 

25 The term precipitation is usually reserved to describe the formation of an amorphous 

solid or semi-solid from a solution phase. Precipitation can be induced in much the same 
way as discussed above for nucleation the difference being that an amorphous rather than a 
crystalline solid is formed. Addition of a nonsolvent to a solution of a compound-of-interest 
can be used to precipitate a compound. The nonsolvent rapidly decreases the solubility of 

30 the compound in solution and provides the driving force to induce solid precipitate. This 
method generally produces smaller particles (higher surface area) than by changing the 
solubility in other ways, such as by lowering the temperature of a solution. The invention 
provides means to identify the optimal solvents and solvent concentrations for providing an 
optimal solid-form or for preventing formation or inducing solvation of a solid-form. The 

35 
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based solvents such as water or aqueous acids, bases, salts, buffers or mixtures thereof and 
organic solvents, such as protic, aprotic, polar or non-polar organic solvents.. 

6.4 . Screening Arrays for the Presence or Absence of Solid-Forms and Further 
5 Analysis of Detected Solid-Forms 

In certain embodiments, after processing, samples can be analyzed to detect the 
presence or absence of solid-forms, and any solid-forms detected can be further analyzed, 
e.g. , to characterize the properties and physical state. 

Advantageously, samples in commercially available microtiter plates, can be 
10 screened for the presence or absence of solids (e.g. , precipitates or crystals) using automated 
plate readers. Automated plate readers can measure the extent of transmitted light across 
the sample. Diffusion (reflection) of transmitted light indicates the presence of a solid-form. 
Visual or spectral examination of these plates can also be used to detect the presence of 
solids. In yet another method to detect solids, the plates can be scanned by measuring . 
15 turbidity. 

If desired, samples containing solids can be filtered to separate the solids from the 
medium, resulting in an array of filtrates and an array of solids. For example, the filter plate 
comprising the suspension is placed on top of a receiver plate containing the same number 
of sample wells, each of which corresponds to a sample site on the filter plate. By applying 

20 either centrifugal or vacuum force to the filter plate over receiver plate combination, the 
liquid phase of the filter plate is forced through the filter on the bottom of each sample well, 
into the corresponding sample well of the receiver plate. A suitable centrifuge is available 
commercially, for example, from DuPont, Wilmington, DE. The receiver plate is designed 
for analysis of the individual filtrate samples. 

25 After a solid is detected it can be further analyzed to define its physical state and 

properties. In one embodiment, on-line machine vision technology is used to determine 
both the absence/presence of crystals as well as detailed spatial and morphological 
information. Crystallinity can be assessed and distinguished from amorphous solids 
automatically using plate readers with polarized filter apparatus to measure the total light to 

30 determine crystal birefringence; crystals turn polarized light, while amorphous materials 
absorb the light. Plate readers are commercially available. It is also possible to monitor 
turbidity or birefringence dynamically throughout the crystal forming process. True 
polymorphs, solvates, and hydrates, can be tested by x-ray Powder Diffraction (XRPD) 
(angles of diffracted laser light can be used to determine whether true polymorphs) have 

35 
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For a complete study, each crystal of a completely different external morphology should be 
examined. 

Once the crystals have been separated according to shape, the best crystal of the first 
group should be mounted on a goniometer head with an adhesive such as glue. 

5 The unit cell dimension are then determined by photographing the mounted crystal 

on a precession camera. The unit cell parameters are determined from the precession 
photograph by measuring the distance between the rows and columns of spots and the angle 
between a given row and column. This is done for three different orientations of the crystal, 
thus allowing determination of the unit cell dimensions. 

10 The intensities of the diffracted radiation are most conveniently measured using an 

automated diffractometer that is a computer-controlled device that automatically records the 
intensities and background intensities of the diffracted beams on a magnetic tape. In this 
device, the diffracted beam is intercepted by a detector, and the intensity is recorded 
electronically. 

1 5 The diffraction data are then converted to electron density maps using standard 

techniques, for example, the DENZP program package (Otwinowski, et al, Methods in 
Enzymology 276 (1996)). Software packages, such as XPLOR (A. Brunger, X-PLOR 
Manual, Yale University), are available for interpretation of the data. For more details, see 
Glusker, J.P. and Trueblood, K.N. Crystal Structure Analysis", Oxford University Press, 

20 1972. • 

X-ray Powder Diffraction can also be used. The method that is usually used is 
called the Debye-Scherrer method (Shoemaker and Garland, 1962). The specimen is 
mounted on a fiber and placed in the Debye-Scherrer powder camera. This camera consists 
of an incident-beam collimator, a beam stop, and a circular plate against which the film is 

25 placed. During the recording of the photograph, the specimen is rotated in the beam. 

Because the crystallites are randomly oriented, at any given Bragg angle, a few particles are 
in diffracting position and will produce a powder line whose intensity is related to the 
electron density in that set of planes. 

This method, along with precession photography, can be used to determine whether 

30 crystals formed under different conditions are polymorphs or merely differ in crystal habit. 
To measure a powder pattern of a crystal or crystals on a Debye-Scherrer camera, one grinds 
the sample to a uniform size (200-300 mesh). The sample is then placed in a 0.1- to 0.5- 
mm-diameter glass capillary tube made of lead-free glass. Commercially made capillary 
tubes with flared ends are available for this purpose. The capillary tube is placed on a brass 

35 pin and inserted into the pin-holder in a cylindrical Debye-Scherrer powder camera. The 
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2. Sublimation of the crystal - the crystal slowly disappears and condenses on 
the cover slip. 

3. Melting and resolidification, indicating a phase change (polymorphic 
transformation) or solid-state reaction. 

5 4. Chemical reaction characterized by a visible change in the appearance of the 

crystal. 

The detection of loss of solvent of crystallization and phase or polymorphic 
transformations is important to the solid-state chemist, since crystals exhibiting this 
behavior can have different reactivity and different bioavailability. Sublimation, while not a 
10 solid-state reaction, can cause confusion if one is unaware that it can occur. 

6.4.4.2 Electron Microscopy 

Electron microscopy, which can be used as an optical-imaging technique, is a 
powerfiil tool for studying the surface properties of crystals. High-resolution election 

15 microscopy can be used to visualize lattice fringes in inorganic compounds, but its 
usefulness for visualization of lattice fringes in organic compounds is so far unproven. 
Nevertheless, electron micrographs of organic crystals allow the examination of the crystal 
surface during reaction. Electron microscopy is particularly useful for studying the affects 
of structural imperfections and dislocations on solid-state organic reactions. For example, 

20 the surface photooxidation of anthracene is obvious from electron micrographs taken at a 
magnification of 10,000 (Thomas, 1974). Even more interesting is the use of electron 
microscopy, sometimes in conjunction with optical microscopy, to study the effects of 
dislocations and various kinds of defects on the nucleation of product phase during a solid 
state reaction. 

25 Electron microscopy is also quite useful for the studies of the effect of crystal size 

on desolvation reactions. Electron micrographs have significantly more depth of field than 
optical micrographs, so that the average crystal size can bemore easily determined using 
them. 

Scanning electron microscopy (SEM) is well suited for examining topography such 
30 as fracture surfaces. It allows convenient preparation of specimen to be imaged for 

analyzing the microstructure of materials. Using the backscattered electron mode of SEM, 
one can obtain both topographic, crystallographic, and composition information. P.E J. 
Flewitt & R.K. Wilk, Physical Methods for Materials Characterization, Institute of Physics- 
Publishing, London (1994). Combination with computer automation has facilitate 
35 instrument control and image processing. 
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and microscopic structure (topography). The high resolution is achieved by avoiding 
diffraction effects through the use of sub-wavelength light source maintained in the near- 
field of the sample surface. Typically, the fiber tip is held tens of nanometers above the 
sample surface. Thus, the light is forced to interact with the sample before the light 
5 undergoes diffraction, and sub-diffraction optical ("super* 7 ) resolution is obtained. The 
topographic image obtained is similar to that obtained using a conventional contact atomic 
force microscope. 

In a typical NSOM set-up, a single mode fiber is heated with a laser such as a C0 2 
laser to the working point and drawn to a fine point (using a micropipette puller) measuring 

10 about 50-100 nm in diameter. The tip is then evaporatively coated with aluminum to form a 
subwavelength aperture at the apex of the fiber tip. The aluminum coating is used tq 
prevent light from leaking out of the sides of the tip taper. Using the NSOM tip, one can 
illuminate a subwavelength sized region (transmission mode) or to collect radiation emitted 
from a submicron sized area (collection mode) of a sample. The spatial extent of the 

1 5 illuminated region can be substantially smaller than that which can be achieved with 
conventional lenses. 

NSOM has been used to obtain images of optical transmission, fluorescence 
emission, and birefringence from thin transparent samples. In one particular method of 
characterizing a sample, laser light leaves the NSOM tip and irradiates the sample thereby 

20 causing the sample molecules to jump to an excited state. The fluorescence subsequently 
emitted by the sample is collected by a high numerical aperture objective. The sample 
preferably must be thin enough so that sufficient amount of light can be detected. This is so 
because the molecules on or near the surface affect the intensity of the detected light more 
significantly than the molecules buried deeper from the surface. Ideally, the samples are 

25 prepared to produce thin films on glass microscope cover slips or their equivalent. The 
sample surface area should be about 1-1.5 cm in diameter. 

6.4.4.4 Far Field Scanning Optical Microscopy 

As opposed to NSOM, far field microscopy, which can also be used as an image 
30 analysis technique, is limited by the diffraction of light. In far field microscopy, the 
distance between the observer and the light source is more than a the wavelength of the 
emitted light while the reverse is true in near-field microscopy. Also, in conventional far 
field microscopy such as a conventional microscope, one obtains the entire image at once. 
Thus, an image obtained using it has a resolution which is limited by the wavelength of 
35 light. But a method has been developed that allows one to obtain three-dimensional 
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sensitive photodetector. Another optical detection method makes use of the cantilever as 
one of the mirrors in the cavity of a diode laser. The movement of the cantilever affects the 
laser output, and this forms a basis for a motion detector. 

Depending on the AFM design, scanners are used to translate either the sample 
5 beneath the cantilever or the cantilever over the sample. Either way, the local height of the 
sample can be measured. Three-dimensional topographical maps of the surface can be 
constructed by plotting the local sample height versus the horizontal probe tip position. 
AFM normally makes use of vibrational isolation to obtain a good scan. 

10 6.4.5 Micro-Thermal Analysis 

The operational principles of Micro-Thermal Analysis (Micro-TA) is based on 
atomic force microscopy (AFM). As mentioned above, AFM uses a 
tip/cantUever/laser/photodetector assembly to obtain a three dimensional map of the sample 
surface. One difference between the .regular AFM and Micro-TA is that the latter uses as a . 

1 5 probe that has a resistive heater at the tip. The* most-widely used probe is made of 

Wollaston wire. When an electrical current flows througfrthe probe, the tip heats up. The 
electrical resistance of the probe allows measurement of the tip temperature. 

The simplest mode of operation is one where the probe's temperature is held 
constant and the electric power required to maintain the temperature is measured. The 

20 probe is then used to scan the sample surface in a contact AFM mode of operation. When 
the probe encounters a sample area that has a high thermal conductivity, more heat is lost 
from the tip to the sample than when a particular sample area being scanned has a low 
thermal conductivity. Thus, more electrical power is required to keep the temperature 
constant the higher the thermal conductivity of a sample area. One thus obtains a thermal 

25 conductivity map of a sample showing areas of high and low thermal conductivities. In a 
multi-component sample such as a given drug formulation, the thermal conductivity map 
allows one to visualize the various phases or phase transitions of the multi-component 
system based on their thermal or topographic properties. A melting process determined 
from the thermal map would aid in the identification of a compound or mixture such as a 

30 drug. This makes Micro-TA a highly useful tool for characterizing organic compounds 
including polymers. See Reading et al, "Thermal Analysis for the 21 st Century, American 
Laboratory, 30, 13 (1998); Price et al, "Micro-Thermal Analysis: A New Form of 
Analytical Microscopy/' Microscopy and Analysis, 65, 17 (1998). 

35 
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analyze the products. In this section several important methods are reviewed and examples 
of their use in solid-state chemistry is discussed. 

6.4.7.1 Ultraviolet Spectroscopy 

5 Ultraviolet spectroscopy is very useful for studying the rates of solid-state reactions. 

Such studies require that the amount of reactant or product be measured quantitatively. 
Pendergrass et al (1974) developed an ultraviolet method for the analysis of the solid-state 
thermal reaction of azotribenzoylmethane. In this reaction, the yellow (HI) thermally 
rearranges to the red (H2) and white (H3) forms in the solid state. All three compounds 

10 (HI, H2, and H3) have different chromophores, so that this reaction is amenable to analysis 
by ultraviolet spectroscopy. Pendergrass developed a matrix-algebra method for analyzing 
multi component mixtures by ultraviolet spectroscopy and used it to analyze the rate of the 
solid-state reaction under various conditions. 

1 5 6.4.7.2 Nuclear Magnetic Resonance (NMRt Spectroscopy 

The observation of NMR spectra requires that the sample be placed in a magnetic 
field where the normally degenerate nuclear energy levels are split. The energy of transition 
between these levels is then measured. In general, the proton magnetic resonance spectra 
are measured for quantitative analysis, although the spectra of other nuclei are also 

20 sometimes measured. 

There are three important quantities measured in NMR spectroscopy: the chemical 
shift; the spin-spin coupling constant, and the area of the peak. The chemical shift is related 
to the energy of the transition between nuclei, the spin-spin coupling constant is related to 
the magnetic interaction between nuclei, and the area of the peak is related to the number of 

25 nuclei responsible for the peak. It is the area of the peak that is of interest in quantitative 
NMR analysis. 

The ratio of the areas of the various peaks in proton NMR spectroscopy is equal to 
the ratio of protons responsible for these peaks. For multi component mixtures, the ratios of 
areas of peaks from each component are proportional both to the number of protons 
30 responsible for the peak and to the amount of the component. Thus, the addition of a 
known concentration of an internal standard allows the determination of the concentrations 
of the species present Unfortunately, area measurement is subject to several errors and the 
accuracy of this method is seldom better than 1 to 2%. For cases where the ratio of starting 
substance and product is desired it is not necessary to add an internal standard. 

35 
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Step 2. Optimization of flow rate and column length to obtain the best separation. 
Step 5. Analysis of known mixtures of reactant and product and construction of a 
calibration curve. 

Thin-layer chromatography (TLC) provides a very simple and efficient method of 
5 separation. Only minimal equipment is required for TLC, and very good separations can 
often be achieved. In general, it is difficult to quantitate TLC, so it is usually used as a 
method for separation of compounds. 

A typical investigation of a solid-state reaction with TLC proceeds as follows: 
Step 1. The adsorbent (stationery phase) is selected and plates either purchased or prepared. 
1 0 Usually silica gel or alumina are used. 

Step 2. The sample and controls, such as unreacted starting substance, are spotted near the 
bottom of the plate and developed in several solvents until the best separation is discovered. 

This procedure then gives the researcher a good idea of the number of products 
formed. Based on these preliminary studies, an efficient preparative separation of the 
1 5 products and reactant can often be designed and carried out. 

6.5 Generation of Arrays of Solid-Forms 

High throughput approaches are used to generate large numbers (greater than 10, 
more typically greater than 50 or 1 00, or more preferably 1000 or greater samples) of 
20 parallel small-scale crystallizations for a given compound-of-interest. To maximize the 
diversity of distinct solid-forms generated in this approach, a number of parameters, 
discussed in detail in section 5.2, can be varied across a larger number of samples. 

The preferred system is described in more detail below with references to Figures 
2A-2C. Figure 2A is a schematic overview of a high-throughput system for generation and 
25 analysis of approximately 25,000 solid-forms of an active component. 

Figure 2A shows the overall system, which consists of a series of integrated 
modules, or workstations. These modules may be connected directly, through an assembly- 
line approach, using conveyor belts, or may be indirectly connected by human intervention 
to move substances between modules. Functionally, the system consists of three main 
30 modules: sample generation 10, sample incubation 30, and sample detection 50. 

As shown in more detail in Figure 2B, the sample generation module 10 begins with 
labeling and identification of each plate 14 (for example, using high speed inkjet labeling 16 
and bar-code reading 18). Once labeled, the plates 14 proceeds to the dispensing 
sub-modules. The first dispensing sub-module 20 is where the compound(s)-of-interest are 
35 dispensed into the sample wells or sample tube of the plates. Additional dispensing 
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excess of the amount that will go into solution. Then, for example, pharmaceutical is added 
to a series of different solvents, ranging in polarity from extremely polar to non-polar, and 
mixtures thereof (from 100% polar to 100% non-polar). The pharmaceutical solutions are 
mixed, then filtered to remove any undissolved substance. Precipitation is monitored by 

5 optical density using standard spectrophotometric methods. Ciystallinity is examined by 
birefringence. Crystal forms are analyzed by XRPD, DSC, melting point (MP) and TG, or 
other means for thermal analyses. 

Temperature mediated crystallization is shown in Figure 3B. Stock saturated 
solutions are generated by adding excess compound to each stock solution at various 

10 temperatures, for example, 80°C, 60°C, 40°C, 20°C, and 10°C The solutions are 

thoroughly mixed, then filtered to remove any undissolved substance while maintaining the 
original temperature. Temperature is then decreased, each well to a different temperature, 
for example, the 80°C stock solution is decreased in nine increments to 60°C, the 60°C 
stock solution is decreased in nine increments to 40°C, etc. The resulting samples are then 

1 5 assayed for precipitation, crystallinity, and crystalline forms, as described in Figure 3 A. 
Evaporative crystallization is shown in Figure 3 C. As in the previous two examples, stock 
saturated solutions are prepared by adding an excess of pharmaceutical to solvent, mixing, 
and removing undissolved substance. Temperature is maintained at a constant throughout 
processing. Pressure can be then decreased, for example, from 2 atmospheres to 1, to 0.1 to 

20 0.01 atm, to generate multiple samples. Referring back to Figure 2C, after the cooling 
treatment is complete, the solvent in the wells of the plates is removed, for example, by 
filtration or evaporation, in order to quench the crystallization process. The solvent removal 
occurs at the third sub-module 30 of the incubation module. 

Other types of crystallization include introducing a precipitation event, such as 

25 adding a non-solvent; simply allowing a saturated solution to incubate for a period of time 
(ageing); or introducing a nucleation event, such as seeding of a saturated solution using one 
or more crystals of a particular structure. The seed crystal acts as a nucleation site for the 
formation of the additional crystal structure. An array of crystal forms can be created by 
using the robotic arm to introduce a single different crystal seed into each well containing 

30 the saturated pharmaceutical solution. 

6.5.1 Procedure for Analysis of Crystal Forms 

Referring back to Figure 2C, after solvent removal, each well is analyzed for the 
presence of crystal formation. The analyses are carried out in the fourth sub-module 50. 

35 
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spectroscopy or XRD. The solid-forms can then screened for solubility, dissolution, and 
stability. Additional means for analysis include pH sensors, ionic strength sensors, mass 
spectrometers, optical spectrometers, devices for measuring turbidity, calorimeters, infrared 
and ultraviolet spectrometers, polarimeters, radioactivity counters, devices measuring 
5 conductivity, and heat of dissolution. 

The collected data can be analyzed using informatics. Informatics protocols enable 
high-throughput analysis of spectroscopic, diffractometric, and thermal analyses and thereby 
enable identification of crystal forms that belong to the same polymorph family. These 
informatics tools facilitate identification of conditions that define occurrence domains (i.e., 
1 0 thermodynamic and kinetic parameters) that will give rise to a specific crystal form. 

The samples are then categorized. For example, the samples can be grouped into: 

a. wells containing no precipitate; 

b. wells with single polymorph; 

c. wells with polymorph mixture; 

1 5 d. wells with amorphous forms of pharmaceutical; and 

e. wells with mixtures of categories b-d. 
If desired, selected samples can be prepared and analyzed on a larger scale, for example, by 
taking a given mass and seeing how much goes into solution in a given time. Crystals are 
selected for further analysis using XRPD, DSC, and TG. 

20 

6.6 Arrays of Solid-Forms for Identifying Solid-Forms with Advantageous 
Properties 

In one embodiment of the methods discussed herein, a goal is to discover and/or 
identify solid-forms with the most desirable properties. Representative properties include 

25 chemical and/or physical stability of compounds, such as pharmaceuticals and/or 

pharmaceutical formulations during manufacturing, packaging, distribution, storage and 
administration (as it relates to the compound-of-interest as well as to the formulation as a 
whole, and components thereof), pharmaceutical uptake from the gastrointestinal tract or 
mucosa or other route of administration, pharmaceutical half-life after administration to a 

30 patient, pharmaceutical properties, delivery kinetics, and other factors which determine the 
efficacy and economics of a pharmaceutical. As referred to herein, "stability" includes 
chemical stability and resistance of a solid phase to a change in form such as a phase change 
or polymorphic transition. In some cases the pharmaceutical may have a single property 
that negatively affects uptake, such as hydrophobicity or low solubility. In other cases, it can 

35 be a combination of properties. Accordingly, the screening process will typically vary at 
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characteristics are achieved by equiaxed crystals that are tens of micron sized. High surface 
area crystals have the highest dissolution rates. 

In a preferred embodiment, to select optimal crystal forms for oral delivery of a 
pharmaceutical, a system designed using the disclosure herein, assays crystal forms based 

5 on physical parameters, such as absorption, bioavailability, permeability, or metabolism, all 
using simple, rapid, in vitro testing. In the most preferred embodiment, the various crystal 
forms are first screened for solubility by measuring the rate of dissolution of each sample. 
Solubility can be measured using standard technology such as optical density or by 
colorimetry. Those candidates that look promising are then screened for permeability - 

10 passage into the gastrointestinal tract - using a system such as an Ussing chamber. 

Absorption can be measured using an in vitro assay such as an Ussing chamber containing 
HT Caco-2/MS engineered cells (Lennernas, H, J. Pharm. Sci. 87(4), 403-410, April 1998). 
As used in this context, permeability generally refers to the permeability of the intestinal 
wall with respect to the pharmaceutical, i. e. , how much pharmaceutical gets through. 

1 5 Metabolism of the compounds are then tested using in vitro assays. Metabolism can be 
measured using digestive enzymes and cell lines, such as hepatoma cell lines which are 
indicative of the effect of the liver on pharmaceutical metabolism. 

In vitro screening, as used herein, includes testing for any number of physiological 
or biological activities, whether known or later recognized. The new crystal forms can be 

20 screened for the known activity of the pharmaceutical. Alternatively, since a change in 
crystal form can also change bioactivity, each pharmaceutical crystal form can also or 
alternatively be subjected to a battery of in vitro screening tests for multiple activities, such ' 
as antibacterial activity, antiviral activity, antifungal activity, antiparasitic activity, 
cytotherapeutic activity (especially against one or more types of cancer or tumor cells), 

25 alteration of metabolic function of eukaryotic cells, binding to specific receptors, 
modulation of inflammation and/or immunomodulation, modulation of angiogenesis, 
anticholinergic activity, and modulation of enzyme levels or activity. Metabolic function 
testing includes sugar metabolism, cholesterol uptake, lipid metabolism, and blood pressure 
regulation, amino acid metabolism, nucleoside/nucleotide metabolism, amyloid formation, 

30 and dopamine regulation. Compounds can also be screened for delivery parameters, for 
example, for pulmonary delivery it is desirable to look at aerodynamic parameters including 
conformation, total surface area, and density. 

These screening tests include any that are presently known, and those that are later 
developed. Typically the initial screening test is an in vitro assay that is routinely used in the 

35 field. The preferred assays yield highly reliable and reproducible results, can be performed 
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can be prepared to determine conglomerate behavior of a particular compound-of-interest by 



preparing samples containing the compound-of-interest and various components, solvents, 
and solvent mixtures. For example, the array can be prepared by varying solvents, solvent 
mixtures, and solvent concentrations between samples, the object find the particular solvent 
5 system(s) that give the best results. Preferably, one or more of the samples differs from one 
or more other samples by: 



(e) the value of pH. 

For example, samples can have one or more of the following components at various 
concentrations: excipients; solvents; salts; acids; bases; gases; small molecules, such as 
hormones, steroids, nucleotides, nucleosides, and aminoacids; large molecules, such as 

1 5 oligonucleotides, polynucleotides, oligonucleotide and polynucleotide conjugates, proteins, 
peptides, peptidomimetics, and polysaccharides; pharmaceuticals; dietary supplements; 
alternative medicines; nutraceuticals; sensory compounds; agrochemicals; the active 
component of a consumer formulation; and the active component of an industrial 
formulation; crystallization additives, such as additives that promote and/or control 

20 nucleation, additives that affect crystal habit, and additives that affect polymorphic form; 
additives that affect particle or crystal size; additives that structurally stabilize crystalline or 
amorphous solid-forms; additives that dissolve solid-forms; and additives that inhibit 
crystallization or solid formation; optically-active solvents; optically-active reagents; and 
optically-active catalysts. 

25 The array is then processed according to the objective of the experiment, for 

example, by adjusting the value of the temperature; adjusting the time of incubation; 
adjusting the pH; adjusting the amount or the concentration of the compound-of-interest; 
adjusting the amount or the concentration of one or more of the components; adding one or 
more additional components; nucleation (e.g., an optically pure seed crystal to induce 

30 preferential crystallization); or controlling the evaporation of one or more of the 
components, such as the solvent (e.g., adjusting a value of pressure or adjusting the 
evaporative surface area); or a combination thereof. 

After processing according to the methods described in Section 4.5 above, the 
samples can be analyzed as described in Section 6.4, first to identify those samples with 

35 crystals then to identify those crystals exhibiting conglomerate behavior, e.g. , formation of 



10 



(a) 
(b) 
(c) 
(d) 



the amount or the concentration of the compound-of-interest; 
the identity of one or more of the components; 
the amount or the concentration of one or more of the components; 
the physical state of one or more of the components; or 
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For example, samples can have one or more of the following components at various 
concentrations: excipients; solvents; salts; acids; bases; gases; small molecules, such as 
hormones, steroids, nucleotides, nucleosides, and aminoacids; large molecules, such as 
oligonucleotides, polynucleotides, oligonucleotide and polynucleotide conjugates, proteins, 

5 peptides, peptidomimetics, and polysaccharides; pharmaceuticals; dietary supplements; 
alternative medicines; nutraceuticals; sensory compounds; agrochemicals; the active 
component of a consumer formulation; and the active component of an industrial 
formulation; crystallization additives, such as additives that promote and/or control 
nucleation, additives that affect crystal habit, and additives that affect polymorphic form; 

10 additives that affect particle or crystal size; additives that structurally stabilize crystalline or 
amorphous solid-forms; additives that dissolve solid-forms; and additives that inhibit 
crystallization or solid formation; optically-active solvents; optically-active reagents; and 
optically-active catalysts. 

The array is then processed as discussed in Section 4.5 above, according to the 

15 objective of the experiment, for example, by adjusting the value of the temperature; 
adjusting the time of incubation; adjusting the pH; adjusting the amount or the 
concentration of the compound-of-interest; adjusting the amount or the concentration of one 
or more of the components; adding one or more additional components; nucleation (e.g., an 
optically pure seed crystal to induce preferential crystallization); or controlling the 

20 evaporation of one or more of the components, such as the solvent {e.g., adjusting a value of 
pressure or adjusting the evaporative surface area); or a combination thereof. 

After processing, the samples can be analyzed, as described in Section 6.4, first to 
identify those samples with crystals, the crystals can be further analyzed by well-known 
methods to determine if they are diastereomerically-enriched. Preferably, analysis is 

25 performed using on-line automated equipment. For example, the samples can be filtered 
and analytical methods such as HPLC, gas chromatography, and liquid chromatography- 
mass spectroscopy (LC-MS) can be performed to determine diastereomeric purity. 
Alternatively, the diastereomer can be converted back to the enantiomer by well-known 
methods depending on its identity and optical-activity analysis performed, such as chiral- 

30 phase HPLC, chiral-phase gas chromatography, chiral-phase liquid chromatography/mass 
spectroscopy (LC-MS), and optical-rotation measurement. 
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After processing, according to the disclosure presented in Section 4.5, the samples 
can be analyzed, according to the methods discussed in Section 6.4, to identify those 
samples having a solid-form and those that do not. The samples that do not have solid- 
forms are predicative of conditions, compounds, or compositions that prevent or inhibit 
5 crystallization, precipitation, formation, or deposition of solid-forms. The positive samples 
can be further analyzed to determine the solid-form's structural, physical, pharmacological, 
or chemical properties. 

6.10 Arrays to Identify Conditions. Compounds, or Compositions That Promote 
10 Dissolution, Destruction, or Breakup of Solid-Forms 

In another embodiment, the invention is useful to discover br optimize conditions, . 
compounds, and compositions that promote dissolution, destruction, or breakup of inorganic 
and organic solid-forms. In this embodiment, an array is prepared comprising samples 
having the appropriate medium and having a. solid-form of the compound-of-interest. Then, 
1 5 if desired, various components in varying concentrations can be added to selected samples 
and the samples processed. Particular samples can be processed under various conditions. 
Preferably, one or more of the samples differs from one or more other samples by: 

(a) the amount or the concentration of the compound-of-interest; 

(b) the physical state the compound-of-interest; 
20 (c) the identity of one or more of the components; 

(d) the amount or the concentration of one or more of the components; 

(e) a physical state of one or more of the components; or 

(f) pH. 

For example, samples can have one or more of the following components at various 
25 concentrations: excipients; solvents; salts; acids; bases; gases; small molecules, such as 
hormones, steroids, nucleotides, nucleosides, and aminoacids; large molecules, such as 
oligonucleotides, polynucleotides, oligonucleotide and polynucleotide conjugates, proteins, 
peptides, peptidomimetics, and polysaccharides; pharmaceuticals; dietary supplements; 
alternative medicines; nutraceuticals; sensory compounds; agrochemicals; the active 
30 component of a consumer formulation; and the active component of an industrial 
formulation; crystallization additives, such as additives that promote and/or control 
nucleation, additives that affect crystal habit, and additives that affect polymorphic form; 
additives that affect particle or crystal size; additives that structurally stabilize crystalline or 
amorphous solid-forms; additives that dissolve solid-forms; additives that inhibit 
35 crystallization or solid formation; optically-active solvents; and optically-active reagents. 
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7.2 Results 

The content of each well of the 96 vial array are summarized in Table 6.2. The laser 
Raman spectra of representative, randomly oriented glycine crystals were measured at room 
temperature using a Bruker FT Raman Spectrometer, model RES 100/S (Broker Optics, 

5 Inc.). The Raman intensity is plotted as a function of wavenumber in Figure 6. 1 for 

representative samples. The spectra obtained for samples Al, Bl, Dl and Fl can be matched 
to the spectra for standard glycine. The appearance of new Raman peaks, for example, at 
wavenumbers of 863 and 975, in sample CI indicates a difference in crystal structure 
relative to crystals Al, Bl, Dl, and Fl, suggesting a different polymorphic structure for 

10 crystal CI. Different crystal habits were observed for crystals grown from different 
formulations. These results demonstrate the ability to tailor crystal habit by controlling 
crystallization formulation as shown in Table 6. 1 and 6.2 below. 
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Vial 
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concentration 
(g/ml) 


super- 
saturation 
(%) 


Solvent 


crystallization 
additive 


crystallization 
additive 

concentration 
(wt%) 


wt 

crystal lizat 
ton 
additive 


uJ solvent 
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6 v/o sulfuric 
acid solution 
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200 
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Vial 

U 


g glycine 


glycine 
concentration 
(g/ml) 


saturation 
(%) 


Solvent 


crystallization 
additive 


crystallization 

nAA !ft tra 

aoainve 
concentration 
(wt%) 


wt 

crysiauizat 
Ion 
additive 


nl solvent 


HI 


0.06672 


03336 


32.9 


deionized water 


L-phenylalanine 


0.10 


0.006672 


200 


H2 


0.06672 


03336 


32.9 


deionized water 


L-phenyJalanine 


0.10 


0.006672 


200 


H3 


0.06672 


03336 


32.9 


deionized water 


L-phenyialanine 


0.10 


0.006672 


200 


H4 


0.06672 


0.3336 


32.9 


deionized water 


I^pheny/aJan ine 


0.10 


Q.006672 


200 


H5 


0.06672 


0.3336 


32.9 


deionized water 


L-phenylalanine 


0.10 


0.006672 


200 


H6 


0.06672 


0.3336 


32.9 


deionized water 


L-phenyf alanine 


0.10 


0.006672 


200 


H7 


0.06672 


0.3336 


32.9 


deionized water 


L-phenylalanine 


10.00 


0.6672 


200 


H8 
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03336 


32.9 


deionized water 


L-phenylalanine 
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0.6672 


200 


H9 
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deionized water 


L-phenylalanine 
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0.6672 


200 
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deionized water 
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0.6672 
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32.9 


deionized water 


L-phenylalanine 


10.00 


0.6672 


200 


H12 


0.06672 


03336 


32.9 


deionized water 


L-phenylalanine 


10.00 


0.6672 


200 
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Vial# 


Description of 
solid phase 


Relative population of 
crystals 


Crystal Color 


Crystal habit 


Supernatant color 


C9 


crystalline 


medium (10-30 crystals) 


hite/opaque 


prismatic 


clear 


CIO 


crystalline 


medium (10-30 crystals) 


white/opaque 


prismatic 


clear 


Cll 


crystalline 


medium (10-30 crystals) 


white/opaque 


prismatic 


clear 


C12 


crystalline 


medium (<5 crystals) 


white/opaque 


prismatic 


clear 


DI 


crystalline 


high (>30 crystals) 


white/translucent 


bipyramidal 


clear 


D2 


crystalline 


high (>30 crystals) 


white/translucent 


bipyramidal 


clear 


D3 


crystalline 


high (>30 crystals) 


white/translucent 


bipyramidal 


clear 


D4 


crystalline 


high (>30 crystals) 


white/translucent 


bipyramidal 


clear 


D5 


crystalline 


high (>30 crystals) 


white/translucent 


bipyramidal 


clear 


D6 


crystalline 


high (>30 crystals) 


white/translucent 


bipyramidal 


clear 


D7 


crystalline 


high (>30 crystals) 


white/translucent 


bipyramidal 


clear 


D8 


crystalline 


high (>30 crystals) 


white/translucent 


bipyramidal 


clear 


D9 


crystalline 


high (>30 crystals) 


white/translucent 


bipyramidal 


clear 


D10 


crystalline 


high (>30 crystals) 


white/translucent 


bipyramidal 


clear 


Dll 


crystalline 


high (>30 crystals) 


white/translucent 


bipyramidal 


clear 


D12 


crystalline 


high (>30 crystals) 


white/translucent 


bipyramidal 


clear 


El 


crystalline 


high (>30 crystals) 


white/translucent 


plates 


clear 


E2 


crystalline 


high (>30 crystals) 


white/translucent 


plates 


clear 


E3 


crystalline 


high (>30 crystals) 


white/translucent 


plates 


clear 


E4 


crystalline 


high (>30 crystals) 


white/translucent 


plates 


clear 


E5 


crystalline 


high (>30 crystals) 


white/translucent 


plates 


clear 


E6 


crystalline 


high (>30 crystals) 


white/translucent 


plates 


clear 


E7 


crystalline 


high (>30 crystals) 


white/translucent 


plates 


clear 


E8 


crystalline 


high (>30 crystals) 


white/translucent 


plates 


clear 


E9 


crystalline 


high (>30 crystals) 


white/translucent 


plates 


clear 


E10 


crystalline 


high (>30 crystals) 


white/translucent 


plates 


clear 


Ell 


crystalline 


high (>30 crystals) 


white/translucent 


plates 


clear 


E12 


crystalline 


high (>30 crystals) 


white/translucent 


plates 


clear 


Fl 


crystalline 


high (>30 crystals) 


white/translucent 


plates 


clear 


F2 


crystalline 


high (>30 crystals) 


white/translucent 


plates 


clear 


F3 


crystalline 


high (>30 crystals) 


white/translucent 


plates 


clear 


F4 


crystalline 


high (>30 crystals) 


white/translucent 


plates 


clear 


F5 


crystalline 


high (>30 crystals) 


white/translucent 


plates 


clear 


F6 


crystalline 


high (>30 crystals) 


white/translucent 


plates 


clear 
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obvious to those skilled in the art from the foregoing detailed description and such 
modifications and variations are intended to come within the scope of the appended claims. 

A number of references have been cited, the entire disclosures of which are 
incorporated herein by reference. 
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agrochemical, an active component of a consumer formulation, or an active component of 
an industrial formulation. 

8. The array of claim 2, wherein the compound-of-interest is a pharmaceutical. 

5 

9. The array of claim 8, wherein the pharmaceutical is a small molecule. 

10. The array of claim 8, wherein the pharmaceutical is an oligonucleotide, a 
polynucleotide, an oligonucleotide conjugate, a polynucleotide conjugate, a protein, a 

1 0 peptide, a peptidomimetic, or a polysaccharide. 



1 1 . The array of claim 2, wherein one or more of the components is an excipient, 
a solvent, a non-solvent, a salt, an acid, a base, a gas, a pharmaceutical, a dietary 
supplement, an alternative medicine, a nutraceutical, a sensory compound, an agrochemical, 

15 an active component of a consumer formulation, an active component of an industrial 
formulation, a crystallization additive, an additive that affects particle or crystal size, an 
additive that structurally stabilizes crystalline or amorphous solid-forms, an additive that 
dissolves solid-forms, an additive that inhibits crystallization or precipitation, an optically- 
active solvent, an optically-active reagent; or an optically-active catalyst. 

20 

12. The array of claim 2, wherein each sample has been processed under a set of 
processing parameters. 



13. The array of claim 1 2, wherein the set of processing parameters comprises at 
25 least one of: 



(a) 


adjusting a value of temperature; 


(b) 


adjusting a time; 


(c) 


adjusting pH; 


(d) 


adjusting amount or concentration of the compound-of-interest; 


(e) 


adjusting amount or concentration of one or more of the components; 


(f) 


adding one or more additional components; 


(g) 


nucleation; 


(h) 


precipitation; or 


(i) 


controlling the evaporation of one or more of the components; 



35 or a combination thereof. 
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25. The method of claim 22, wherein the amount of the compound-of-interest in 
each sample is less than about 100 nanograms. 

26. The method of claim 22, wherein one or more of the processed samples 
5 differ from one or more other processed samples with respect to at least one of: 

(a) amount or concentration of the compound-of-interest; 

(b) the physical state of the solid-form of the compound-of-interest; 

(c) the identity of one or more of the components; 

(d) amount or concentration of one or more of the components; 
10 (e) a physical state of one or more of the components; or 

(f) PH. 



27. The method of claim 22, wherein one or more of the components is an 
excipient, a solvent, a non-solvent, a salt, an acid, a base, a gas, a pharmaceutical, a dietary 

1 5 supplement, an alternative medicine, a nutraceutical, a sensory compound, an agrochemical, 
an active component of a consumer formulation, an active component of an industrial 
formulation, a crystallization additive, an additive that affects particle or crystal size, an 
additive that structurally stabilizes crystalline or amorphous solid-forms, an additive that 
dissolves solid-forms, an additive that inhibits crystallization or precipitation, an optically- 

20 active solvent, an optically-active reagent, or an optically-active catalyst. 



28. The method of claim 22, wherein processing the samples comprises at least 

one of: 

(a) adjusting a value of temperature; 

25 (b) adjusting a time; 

(c) adjusting pH; 

(d) adjusting amount or concentration of the compound-of-interest; 

(e) adjusting amount or concentration of one or more of the components; 

(f) adding one or more additional components; 
30 (g) nucleation; 

(h) precipitation; or 

(i) controlling the evaporation of one or more of the components; 
or a combination thereof. 



35. 
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39. A method of screening a plurality of solid-forms of a compound-of-interest, 
comprising: 

(a) preparing at least 24 samples each sample comprising the compound-of- 
interest and one or more components, wherein an amount of the compound- 
of-interest in each sample is less than about 1 gram; 

(b) processing at least 24 of the samples to generate an array wherein at least two 
of the processed samples comprise a solid-form of the compound-of-interest; 
and 

(c) analyzing the processed samples to detect at least one solid-form. 

40. The method of claim 39, wherein the amount of the compound-of-interest in 
each sample is less than about 1 00 milligrams. 

41 . The method of claim 39, wherein the amount of the compound-of-interest in 
1 5 each sample is less than about 100 micrograms. 

42. The method of claim 39, wherein the amount of the compound-of-interest in 
each sample is less than about 100 nanograms. 

20 43. The method of claim 39, wherein one or more of the processed samples 

differ from one or more other processed samples with respect to at least one of: 

(a) amount or concentration of the compound-of-interest; 

(b) the physical state of the solid-form of the compound-of-interest; 

(c) the identity of one or more of the components; 

25 (d) amount or concentration of one or more of the components; 

(e) a physical state of one or more of the components; or 
© PH. 

44. The method of claim 39, wherein the processed samples are analyzed to 
30 determine if the solid-form is amorphous or crystalline. 

45. The method of claim 44, wherein the processed samples are analyzed by 
visual inspection, video-optical microscopy, image analysis, polarized light analysis, near 
field scanning optical microscopy, far field scanning optical microscopy, atomic-force 

35 microscopy, or micro-thermal analysis. 
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51 . The method of claim 39, wherein at least one solid-form of the compound- 
of-interest is amorphous or crystalline. 

52. The method of claim 5 1 , wherein the amorphous or crystalline form of the 
5 compound-of-interest is a salt, hydrate, anhydrous, co-crystal, dehydrated hydrate, solvate, 

desolvated solvate, clathrate, or inclusion. 



53. The method of claim 39, wherein the array comprises two or more different 
polymorphs of the compound-of-interest. 

10 

54. The method of claim 39, wherein the array comprises two or more crystalline 
forms of the compound-of-interest, wherein at least two of the crystalline forms have a 
different crystal habit. 

15 55. The method of claim 39, wherein the compound-of-interest is a 

pharmaceutical. 

56. The method of claim 55, wherein the pharmaceutical is a small molecule. 



20 57. The method of claim 55, wherein the pharmaceutical is an oligonucleotide, a 

polynucleotide, an oligonucleotide conjugate, a polynucleotide conjugate, a protein, a 
peptide, a peptidomimetic, or a polysaccharide. 



58. The method of claim 39, wherein at least about 1000 samples are analyzed in 
25 parallel. 

59. The method of claim 39, wherein at least about 10,000 samples are analyzed 
in parallel. 

30 60. A method of identifying optimal solid-forms of a compound-of-interest, 

comprising: 

(a) selecting at least one solid-form of the compound-of-interest present in an 

array comprising at least 24 samples each sample comprising the compound- 
of-interest and at least one component, wherein an amount of the compound- 
35 of-interest in each sample is less than about 1 gram; and 
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70. The method of claim 60, wherein the solid-form is analyzed by infrared 
spectroscopy, near infrared spectroscopy, Raman spectroscopy, NMR, x-ray diffraction, 
neutron diffraction, powder x-ray diffraction, light microscopy, electron microscopy, second 
harmonic generation, differential scanning calorimetry, or thermal gravimetric analysis. 

5 

71 . The method of claim 60, wherein the solid-form is analyzed by an in vitro. 

assay. 

72. The method of claim 60, wherein one or more of the components is an 

10 excipient, a solvent, a non-solvent, a salt, an acid, a base, a gas, a pharmaceutical, a dietary 
supplement, an alternative medicine, a nutraceutical, a sensory compound, an agrochemical, 
an active component of a consumer formulation, an active component of an industrial 
formulation, a crystallization additive, an additive that affects particle or crystal size, an 
additive that structurally stabilizes crystalline or amorphous solid-forms, an additive that 

15 dissolves solid-forms, an additive that inhibits crystallization or precipitation, an optically- 
active solvent, an optically-active reagent, or an optically-active catalyst. 

73 . The method of claim 60, wherein the compound-of-interest is a 
pharmaceutical, an alternative medicine, a dietary supplement, a nutraceutical, a sensory 

20 material, an agrochemical, an active component of a consumer formulation, or an active 
component of an industrial formulation. 

74. The method of claim 60, wherein each sample in the array has been 
processed under a set of processing parameters. 

25 

75. The method of claim 74, wherein the set of processing parameters comprises 
at least one of: 





(a) 


adjusting a value of temperature; 




(b) 


adjusting a time; 


30 


(c) 


adjusting pH; 




(d) 


adjusting amount or concentration of the compound-of-interest; 




(e) 


adjusting amount or concentration of one or more of the components; 




(f) 


adding one or more additional components; 




(g) 


nucleation; 


35 


(h) 


precipitation; or 
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(a) preparing at least 24 samples each sample comprising the compound-of- 
interest and one or more components, wherein an amount of the compound- 
of-interest in each sample is less than about 1 gram; 

(b) processing at least 24 of the samples to generate an array wherein at least one 
5 of the processed samples comprises a solid-form of the compound-of- 

interest; and 

(c) selecting samples having the solid-forms in order to identify the sets of 
conditions and/or components. 

10 87. The method of claim 86, wherein the amount of the compound-of-interest in 

each sample is less than about 100 milligrams. 

88. The method of claim 86, wherein the amount of the compound-of-interest in 
each sample is less than about 1 00 micrograms. 

15 

89. The method of claim 86, wherein the amount of the compound-of-interest in 
each sample is less than about 100 nanograms. 

90. The method of claim 86, wherein the desired solid-form has a large surface- 
20 to-volume ratio. 

91 . The method of claim 86, wherein one or more of the processed samples 
differ from one or more other processed samples with respect to at least one of: 

(a) amount or concentration of the compound-of-interest; 

25 (b) the physical state of the solid-form of the compound-of-interest; 

(c) the identity of one or more of the components; 

(d) amount or concentration of one or more of the components; 

(e) a physical state of one or more of the components; or 

(f) pH. 

30 

92. The method of claim 86, wherein processing the samples comprises at least 

one of: 

(a) adjusting a value of temperature; 

(b) adjusting a time; 
35 (c) adjusting pH; 
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99. The method of claim 86, wherein the compound-of-interest is a 
pharmaceutical. 

1 00. The method of claim 99, wherein the pharmaceutical is a small molecule. 

5 

101. The method of claim 99, wherein the pharmaceutical is an oligonucleotide, a 
polynucleotide, an oligonucleotide conjugate, a polynucleotide conjugate, a protein, a 
peptide, a peptidomimetic, or a polysaccharide. 

10 102. The method of claim 86, wherein at least about 1000 samples are processed 

in parallel. 

1 03. The method of claim 86, wherein at least about 1 0,000 samples are processed 
in parallel. 

15 

1 04. A method of screening conditions and/or components for compatibility with 
one or more selected solid-forms of a compound-of-interest, comprising: 

• (a) preparing at least 24 samples each sample comprising the compound-of- 
interest in solid or dissolved form and one or more components, wherein an 
20 amount of the compound-of-interest in each sample is less than about 1 

gram; 

(b) processing at least 24 of the samples to generate an array of said selected 
solid-forms; and 

(c) analyzing the array. 

25 

1 05. The method of claim 1 04, wherein the amount of the compound-of-interest 
in each sample is less than about 100 milligrams. 

106. The method of claim 1 04, wherein the amount of the compound-of-interest 
30 in each sample is less than about 100 micrograms. 

107. The method of claim 104, wherein the amount of the compound-of-interest 
in each sample is less than about 100 nanograms. 

35 
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additive that structurally stabilizes crystalline or amorphous solid-forms, an additive that 
dissolves solid-forms, or an additive that inhibits crystallization or precipitation. 

113. The method of claim 1 04, wherein the compound-of-interest is a 
5 pharmaceutical. 

114. The method of claim 1 13, wherein the pharmaceutical is a small molecule. 

115. The method of claim 113, wherein the pharmaceutical is an oligonucleotide, 
10 a polynucleotide, an oligonucleotide conjugate, a polynucleotide conjugate, a protein, a 

peptide, a peptidomimetic, or a polysaccharide. 

116. The method of claim 104, wherein at least about 100.0 samples are processed 
in parallel. 

15 

117. The method of claim 1 04, wherein at least about 1 0,000 samples are 
processed in parallel. 

118. A system to identify optimal solid-forms of a compound-of-interest, 
20 comprising: 

(a) an automated distribution mechanism effective to prepare at least 24 

samples, each sample comprising the compound-of-interest and one or more 
components, wherein an amount of the compound-of-interest in each sample 
is less than about 1 gram; 
25 (b) an system effective to process the samples to generate an array comprising at 

least one solid-form of the compound-of-interest; and 

(c) a detector to detect the solid-form. 

1 1 9. The system of claim 1 1 8, wherein the amount of the compound-of-interest in 
30 each sample is less than about 100 milligrams. 

120. The system of claim 118, wherein the amount of the compound-of-interest in 
each sample is less than about 100 micrograms. 

35 
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129. The method of claim 128, wherein the amount of the compound-of-interest 
in each sample is less than about 100 milligrams. 

130. The method of claim 128, wherein the amount of the compound-of-interest 
5 in each sample is less than about 100 micrograms. 

131. The method of claim 1 28, wherein the amount of the compound-of-interest 
in each sample is less than about 100 nanograms. 



10 1 32. The method of claim 1 28, wherein one or more of the processed samples 

differ from one or more other processed samples with respect to at least one of: 

(a) amount or concentration of the compound-of-interest; 

(b) the identity of one or more of the components; 

(c) amount or concentration of one or more of the components; 
15 (d) a physical state of one or more of the components; or 

(e) pH. 



133. The method of claim 128, wherein processing the samples comprises at least 

one of: 



20 


(a) 


adjusting a value of temperature; 




(b) 


adjusting a time; 




(c) 


adjusting pH; 




(d) 


adjusting amount or concentration of the compound-of-interest; 




(e) 


adjusting amount or concentration of one or more of the components; 


25 


(f) 


adding one or more additional components; 




(g) 


nucleation; 




(h) 
(i) 


precipitation; or 

controlling the evaporation of one or more of the components; 



or a combination thereof. 

30 



1 34. The method of claim 128, wherein one or more of the components is an 
excipient, a solvent, a non-solvent, a salt, an acid, a base, a gas, a pharmaceutical, a dietary 
supplement, an alternative medicine, a nutraceutical, a sensory compound, an agrochemical, 
an active component of a consumer formulation, an active component of an industrial 
35 formulation, a crystallization additive, an additive that affects particle or crystal size, an 
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143. The method of claim 141, wherein the amount of the compound-of-interest 
in each sample is less than about 100 micrograms. 

144. The method of claim 141 , wherein the amount of the compound-of-interest 
5 in each sample is less than about 1 00 nanograms. 



145. The method of claim 141, wherein one or more of the processed samples 
differ from one or more other processed samples with respect to at least one of: 

(a) amount or concentration of the compound-of-interest; 

10 (b) the physical state of the compound-of-interest; 

(c) the identity of one or more of the components; 

(d) amount or concentration of one or more of the components; 

(e) a physical state of one or more of the components; or 

(f) pH. 

15 

146. The method of claim 141 , wherein processing the samples comprises at least 

one of: 

(a) adj usting a value of temperature; 

(b) adjusting a time; 
20 (c) adjusting pH; 

(d) adjusting amount or concentration of the compound-of-interest; 

(e) adjusting amount or concentration of one or more of the components; 

(f) adding one or more additional components; 

(g) nucleation; 

25 (h). precipitation; or 

(i) controlling the evaporation of one or more of the components; 
or a combination thereof. 



147. The method of claim 141 , wherein one or more of the components is an 
30 excipient, a solvent, a non-solvent, a salt, an acid, a base, a gas, a pharmaceutical, a dietary 
supplement, an alternative medicine, a nutraceutical, a sensory compound, an agrochemical, 
an activfe component of a consumer formulation, an active component of an industrial 
formulation, a crystallization additive, an additive that affects particle or crystal size, an 
additive that structurally stabilizes crystalline or amorphous solid-forms, an additive that 
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155. The method of claim 153, wherein at least one of the processed samples 
comprises the diastereomeric derivative in diasteneomerically enriched form. 

1 56. The method of claim 1 53, wherein the amount of the compound-of-interest 
5 or the diastereomeric derivative in each sample is less than about 100 milli grams. 

1 57. The method of claim 1 53, wherein the amount of the compound-of-interest 
or the diastereomeric derivative in each sample is less than about 100 micrograms. 

10 158. The method of claim 153, wherein the amount of the compound-of-interest 

or the diastereomeric derivative in each sample is less than about 1 00 nanograms. 



1 59. The method of claim 1 53, wherein one or more of the processed samples 
differ from one or more other processed samples with respect to at least one of: 
1 5 (a) amount or concentration of the compound-of-interest or the diastereomeric 

derivative; 

(b) the identity of the diastereomeric derivative; 

(c) the physical state of the solid-form of the compound-of-interest or the 
diastereomeric derivative; 

20 (d) the identity of one or more of the components; 

(e) amount or concentration of one or more of the components; 

(f) a physical state of one or more of the components; or 

(g) PH. 

25 1 60. The method of claim 1 53, wherein processing the samples comprises at least 

one of: 

(a) adjusting a value of temperature; 

(b) adjusting a time; 

(c) adjusting pH; 

30 (d) adjusting amount or concentration of the compound-of-interest or the 

diastereomeric derivative; 

(e) adjusting amount or concentration of one or more of the components; 

(f) adding one or more additional components; , 

(g) nucleation; or 

35 (h) controlling the evaporation of one or more of the components; 
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